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RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS
VOLUME I: RESULTS OF SURVEY

SUMMARY

Current military standards for reliability programs, reliability
predictions and qualification/acceptance testing were written primarily
for electronic equipment where component standardization and the valid
assumption of an exponential failure rate permit their direct applica-
tion. These electronic systems, however, often contain nonelectronic
assemblies that are critical to operational readiness, mission success or
demand for logistic support and maintenance. Examples of such assemblies
include antenna positioning mechanisms, tape and disk drives and printers.

Relfability engineers often include nonelectronic assemblies within
the total electronic equipment when planning a reliabi1ity program and
formulating contractual requirements. Typical tasks imposed require a
reliability program in accordance with MIL-STD-785, a reliability
prediction in accordance with MIL-STD-756 and MIL-HDBK-217 and
reliability testing in accordance with MIL-STD-781. The underlying
assumptions and philosophies reflected in these documents may or may not
apply to nonelectronic assemblies. Design practices, analytical
techniques and testing procedures contained in current documents may be
more effective if tailored or modified for application to nonelectronic
equipment,

Application of current standards to nonelectronic designs {s
somewhat of a subjective issue and depends upon the type equipment being
developed, previous applications experience, quantity of equipments to be
produced and many other factors., To help identify these characteristics
and formulate a set of criteria on which to base recomendations, the
Rome Air Development Center (RADC) distributed 409 questionnaires in
December, 1981 throughout the Department of Defense and related
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industries. This survey was designed to identify reliability techniques
and practices currently used for nonelectronic assemblies, equipments and
systems including nonelectronic portions of electronic systems and
totally mechanical systems. A total of 112 completed questionnaires were
returned to RADC.

The next phase of the research program involved the collection and
analysis of effectiveness data for reliability techniques and practices
being used by respondees of the questionnaire, Results of this analysis
were used to evaluate the capability of achieving numerical operational
goals, cost effectiveness of varifous reliability tasks, statistical
validity of analysis and test results, and the degree of correlation
between reliability predictions and test results and between test results
and field performance,

During this period of evaluating the responses to the survey,
discussions were held with managers of commercial and milftary
reliability programs and a 1iterature search was performed. Results of
all tasks performed as part of the research effort were used to develop
recommendations for meaningful and cost effective reliability program
task requirements to be applied to nonelectronic designs during the
development phase.

The survey of reliability programs for nonelectronic designs
provided a cross section of procedures and methods for performing such
reliability tasks as program planning, analyses, component derating and
developmental testing. Survey results permitted a correlation of
reliabi1ity predictions, test results and field performance. This
correlation of information aided in identifying the most effective
analysis and test methods for achieving numerical reliability goals.
Limited information as to the cost of performing reliability tasks was
obtained from the survey and the cost effectiveness of reliability tasks
could not be quantified.
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%C. This report has been prepared in two volumes. Volume 1 summarizes
'f,.‘l results of the survey on reliability programs for nonelectronic designs.
i A description of the questionnaire is provided and response to the survey
5 presented in terms of reliability tasks, program requirements, and the

_ degree of correlation between analysis results, testing data and field
. performance. Conclusions reached as a result of the survey and
fj : recommendations for improving reliability programs for nonelectronic
7{ : designs are included in Volume 1. Volume 2 of this report is
'ﬁ' ' applications oriented and provides recommended guidelines for tke
X procuring activity and contractor to consider in specifying rrd

i performing reliability tasks for nonelectronic designs.
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1. QUESTIONNAIRE b

The questionnaire as part of the survey on relfability programs for
nonelectronic designs was distributed to various DoD agencies, industry 1
and industrial societies. Table 1 provides a summary of the distribution i
of and response to the questionnaire.

TABLE 1. RESPONDEES TO THE QUESTIONNAIRE

! Recipient Distribution Response
K
Ay 40 12
) Navy 52 8
§ Afr Force 49 18
§ Misc DoD Activities 3 2
L NASA/Govermment Agency 15 4
y International Government/Agency 7 1
- Industry (govermment contracts) 122 43
i Industry (commercial products) 97 16
I Industrial Society 13 1
S University n 2 k
i, Unidentified - 5 g
} Lt e

Table 2 provides a summary of the response in terms of equipment
representation. The questionnaire as a part of the survey first
determined the respondee's specific type of equipment for which the
answers to follow would apply. This information provided a relationship
between procedural methods currently being used and the generic types of
equipment represented in the survey response.

S B e - o B
»

The comprehensive questionnaire included 59 questions directed at
reliability engineering tasks constituting a total reliability program,
Several questions were asked about operational goals and requirements of
reliab.1ity programs being developed and whether or not MIL-STD-785 was
being used for these programs,
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v TABLE 2. EQUIPMENT REPRESENTATION IN RESPONSE TO QUESTIONNAIRE 1
g Fquipment type No._of responses
) 1. Aircraft/Flight Control Systems 16
s 2. Armored/wl -eled Vehicles 10
R 3. Missile/Spacecraft Systems 17
, 4, Transit Systems 2
! 5. Construction Equipment 3
g 6. Engines/Power lants 12
% 7. Hydraulic/Rocl * Engines 6
-~ 8. Radar Systems 3
o 9, Computers/Avionic./Communications 6 1
Lol 10. Air Conditioning Systems 8
5 11. Transmissions/Power Trains/Gear Boxes 12
o 12. Motor/Generator Sets 9
& 13. Ground Support Equipment 4
' 14, Power Plant Generators/Nuclear Power Plant Systems ]
15, Structures 9
16, Home Appliances/Hand Held Mechanisms 3
17. Hydraulic/Pneumatic Components 35
18, Electrical Components 17
W 19. Sensors/Gyros/Instruments 16
! 20. Mechanical Components 24

The next series of questions were designed to document the
procedures in use or relfability analysis and testing. Of interest were
those methods of analysis for stress margins and derating which may not :
yet be in procedural format. MIL-S1D-781 is one possible standardized ﬂ
testing procedure but its universal application to all types of '
' nonelectronic assemblies is questionable. Response to this series of
;- questions helped to establish the necessity and feasibility of
b standardizing reliability tasks for nonelectronic equipment.

R
)
!

Other questions in the survey were designed to determine the
respondee's degree of correlation between relfability predictions, test
results and field performance. Questions on parts selection procedures, 3
application of analysis and test results, and the overall effectiveness =
of current standards for nonelectronic equipment applications were
included. The questionnaire as distributed throughout the reliability
.- engineering community is included in this volume as Appendix A.
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2. ANALYSIS OF SURVEY RESULTS

S

As a first step to determining the adequacy and cost effectiveness
of applying current reliability standards to nonelectronic designs,
Y responses to the questionnaire were analyzed by individual question. A
: numerical summary of questfonnaire responses is included in this volume
as Appendix B, Next, the information was compiled in chart form to
provide an overview of the response on a variety of subjects. This
summary 18 included as Appendix C. Finally, response to those questions
which could be answered with a yes or no are summarized in terms of
equipment representation in Appendix D,
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The second phase of the analysis consisted of a more detailed study
of the response in each of the following elements of a reliability
program for nonelectronic designs:

i 3 A

Reliability analysis
Development testing

Screening requirements
Operational environment
Rel{ability program tasks/costs
Parts/Standardization practices

"‘“ﬁ:‘"
© o 0o 0o 0o o
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2.1 RELIABILITY ANALYSIS

T

) The Failure Mode, Effects, and Criticality Analysis (FMECA) {is

f 4 believed by many to be the single most effective procedure to ensure

% -ﬁ reliability of a nonelectronic design. The majority of respondees

7 regularly perform FMECAs and consider this analysis technique to be :
highly cost effective. A FMECA 1s considered by many to be most {
effective in the early development stages for initial screening and

feedback to designers, This analytical procedure is very effective when

used to interface reliability with design groups for early problem
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A
jg‘ } identification and later to help quantify failure modes. Also mentioned
'ﬁE ;ﬁj in several responses is the ability of a FMECA to pinpoint safety
o 1 critical items. A majority of respondees cite the FMECA as an important
}; | and necessary part of every design effort.
ﬁf Without a valid failure rate data base to perform an accurate
';3 reliability prediction of nonelectronic equipment, many respondees rely 't
;ﬂ on the output of an FMECA to tdentify critical fatlure modes from which to -
;% perform a detailed reliability prediction, Response to the survey also x
b identified the following uses for a FMECA.,
?g Initia) screen and feedback at component level
:E Identification of catastrophic failure mechanisms
,g Determination of inspection requirements in an overall
_g Reliability Centered Maintenance (RCM) analysis 1
§§ . ) Pinpoint safety critical aspects early in the design stage ‘;
T 0  Quantitative evaluation where known problems exist
:@ 1 1t was apparent from the survey that FMECAs are performed
f@ : extensively even when not required by a contract. Existing procedures
f% including ARP 926 and MIL-STD-1629 appear to be satisfactory for
4§ nonelectronic designs,
} The more detailed stress analysis was fdentified as expensive but
; ' useful for those development programs involving design risk. Overstress .
- was fdentified on several responses as the major source of existing ;
f} ] reliability problems and the stress analysis is apparentiy very cost
,3 g effective as a design evaluation tool. Performing a stress analysis of f
. electronic equipment is a fairly routine procedure and results can be $
.f used directly for a reliabjlity prediction, MIL«HDBK-217 is a data base ﬂ
é of fallure rates as a function of stress levels for use in the prediction ‘
d effort. Stress analysis for nonelectronic equipment is more of an art

and can not usually be performed without the services of an experienced
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_ stress analyst. Also, results of the stress analysis are not expressed
’}». ' in terms of failure rate and safety factors must somehow be equated into

Tﬁ,:i' probabilities of failure occurrence. E
wfi | A review of response to the questionnaire on reliability programs f
. for nonelectronic designs indicates that there are few procedural methods b
'ﬁ{ : in existence for stress anaiysis. Response to one of the questicns on 3
f?n j methods used for stress analyses was as follows. . ﬁ

eé , Number of responses

gi | Procedure expressing utilization
! 0 Assumed stress ratio 14
B o0  Detailed stress analysis 43 8 -
R 0 Both procedures n 1
§§ Several respondees stated that their internal mechanical engineering 3
‘f% , group performed a stress analysis as needed. These responses are ﬂ
,-ﬁ : included in the above summary but it must be assumed that olhers did not 3
?Q 1 respand because they themselves do not perform a stress analysis. Thus, j

Q; the preceding table may not reflect all of the stress analyses being 3
v 5 ‘ performed by engineering groups.

g
—jf . To assure adequate safety margins, 2 varjety of techniques including :

3 _ companent derating are used. Although many technical reports have been 3
‘. issued on derating, probabilistic design methnds and other design !

_? ph evaluation techniques, and respondees utilize the methods, relatively few

- b companies huve written procedures, A summary of response to this subject !
;‘ 5 is as follows:

f Number of responses

1 Procedure expressing utilization
N o  Stress derating 65
i o  Probabilistic design 26

A ] Theoretical stress analysis 35

¥ o  Both stress derating & probabilistic design 23

¥

4
> 1N

o *

PO
e o e $00hpe 38 i ._....w. gpaotor

O e T B e




e et kil

Reliability predictions appear to be the least effective means of
L evaluating nonelectronic designs. Lack of component standardfization for
4 nonelectronic components has prevented the establishment of a usable data
R bank of failure rate data, Available data does not reflect actual
operating field conditions, and the environmental and operational factors ;
upon which predictions depend are not well defined, Section 2.3 will ;
sunmmarize correlations between analysis results and test/field results as :
experienced by respondees.

SRMEE. oy :
3 A
T G S

g2

-

In those cases where larger corporations have established data banks
for component parts and assemblies of similar types of equipment, failure
rates from internal data banks are being used for reliability predictions.
R Estimates of reliability have been found useful for: allocating spares
' requirements; evaluating relative merits of design proposals and
w performing tradeoffs; establishing maintenance/inspection/replacement
intervals; and determining if numerical requirements can be met, {if and
where improvements are necessary and if goals are attainable.

B

bk 3%

SRR A
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In conclusion, predictions can be effectively applied to nonelec-
tronic programs if corporate field data is available, predictions are
ﬁ based on similar types of equipment and if performed in conjuction with a
P stress analysis.

MIL-STD-756 was generally thought to be unacceptable for

1 . nonelectronic designs. It appears that nonelectronic designs are more
i .; sensitive to operation and maintenance error than is the case for

 $ electronic equipment. Responses displayed considerable emphasis on the
human element as one of the chief prediction problems for nonelectronic
designs. MIL-STD-756 does not provide for these concerns,

2.2 DEVELOPMENT TESTING

In some cases respondees reported internal procedures having been
.1 developed for mission requirements including equipment performance with

! 12

R G T o

el

(S e e




DN Fr ke i
b o e i

T
FcH e

environmental profiles and the consideration of operational environment.
Many respondees rely on Test, Analyze And Fix (TAAF) growth testing with
test results used to inft{ate corrective actions., It 1s felt by many
that qualification testing, although too late in the development program
& ; cycle for reliability inputs, is in fact needed to monitor reliability

growth.

T T e e o S

R

?{ ' Respondees expressed the opinion that test engineers need to have
. the freedom to tailor test procedures to the particular characteristics :
ks of each equipment, but not so much that test results can be altered by '
‘ inconsistent methods such as the determination of “relevant" and

g “non-relevant" failures as used in MIL-STD-781.- Such practices may

B '! enable unsatisfactory equipment to pass test requirements.

1fi i MIL-STD-781 for the most ‘part i{s not appropriate to nonelectronic
. designs. A summary of response on the subject 1s as follows:

b | Number of
RGSEOHSQ ?‘QIEOHSGS

A

I 0  MIL-STD-781 applicable in its present form N
L o  Applicable but improvements needed for nonelectronic

. equipment 10
b o  Not applicable to nonelectronic equipment and new

b procedures are required k!

= =

‘ It is generally felt that new procedures should include normal and
Weibull distributions and addid test levels for nonelectronic equipment
f where the dominant cause of fuilure is wear out due to fatigue, abrasion,
% A material corrosfon or cther time related factors. ]

Some of the responderes are of the opinion that reliability tests are
not useful for estimating time-dependent failure rates because of the
extremely Tong elapsed time necessary to have an acceptable level of
statistical significance. Life tests are expensive for nonelectronic
equipment because the equipment can not sit on a burn-in rack but must be
mechanically exercised. The multi-modal characteristics of nonelectronic

0 i

e S

N P i Y]

. 13

e

i
s e -




equipment and the resulting expense for tests cause many respondees to
% ' belfeve that reliability demonstration test data does not provide
o sufficient evidence of reliability growth,

.
—o s

Accelerated testing is not used by many respondees because resuits
can not correlate the stress of the test with levels of accelerated
: 1ife. Also, an accelerated test tends to cause failures that would never 4
{‘ f occur in normal service. Some respondees indicated that accelerated .
.- tasting is used only when norma) usage and/or testing fails to
B i{ precipitate fajlures. No detailed accelerated testing procedures could
- be detected although the following methods are used to detect age
T sensitive materials and other potential problems. Testing techniques are

not necessarily designed to provide failure rate data for predictions or
to use for qualification.

salt spray

fatigue 1ife (endurance) determination
temperature extremes

overload

overspeed

overtorque

extended 1imits

increased cycle rate tests

step-stress test to faflure

vibration

o © 0 0 0 o O O O o

Tk

Accelerated testing 1s being used successfully by some when physical
wear characteristics are a determining factor for component 11ife,
b Results are occasionally translated by "K" factors and used to predict
j component 1ife. Accelerated testing appears to be more effective for
_ small sample sizes and at lower levels of assembly. It is most effective
; ! for those components subject to wear out. Many respondees are of the 3
R opinfon that accelerated testing has great potential as a method to ;
- achieve the following: !
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0 Detection of dominant failure modes early in the development
program for corrective action

. . ) Shorter qualification test time, thereby lowering the cost of
- reliability testing

0  Meaningful and effective tests established for equipments which
under nominal conditions have an extremely long 1ife

o : Several respondees stated that accelerated tests can be highly
: effective where applicable: those equipments where the effects of

= ) accelerated factors such as increased load, stress or temperature are

R well known and reflect failure conditions and wear out characteristics

:g ‘ experienced in service operation,

Qé ! 2,3 RELIABILITY PREDICTION, TEST AND FIELD RESULTS

}@ | Table 3 represents the degree of success in quantitatively

%; L determining field rel{ability from results of analyses and testing.

é; : Appropriate comments from respondees which express actual experiences are
. included,

. Table 3 indicates that the degree of correlation between analysis,
. test and field results depends upon the data base available, realism of

¥ - the tests being conducted, maturity of the system in the field, and
quality of field service reports. Respondees indicated that

~ S . modifications are required to environmental test methods to make them
S more realistic in terms of actual operation. Operational conditions for
"  ' the equipment need to be better defined and incorporated into reliability
- S programs. In many instances, according to respondees, environmental !
factors neglected or poorly defined in the design and development stages i
of programs are a major cause of equipment trouble in field use,
Temperature, vibration, contaminants and shock were cited as examples of :
the shortcomings. Also expressed was the need to expand the use and ;
scope of combined environment reliability test (CERT) procedures to
ensure that the combined effects of many environmental stresses acting at
once are not overlooked.

- e o
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TABLE 3. CORRELATION OF PREDICTION AND TEST RESULTS AND
FIELD PERFORMANCE }

: Number of |
o Observation observations :

f
e o Close correlation between analysis and test results 8 y
. - 1f predictions are updated .
g - sufficiently good to aid in locating design,
, quality and maintenance problems
-F - for mature systems

o Close correlation between analysis results and field
performance 12 _
- actual experience data in commercial airplane 3

business can be used !

N - f reliability is evaluated under correct field ‘

o conditions

x -~ FRAP program predictions have matched fleet

. performance of sampled equipment

S o Close correlation between test results and field

o performance 9
Y. - 1f stresses and cycles are accurately defined

B - {f all lab failures (relevant and non-relevant)

- are counted

- sufficiently good to aid in locating design, quality
and maintenance problems

, 0 Projected reliability optimistic in comparison to test
i results 5

R - optimistic by 2:)

0 Analysis results optimistic in comparison to field
performance 1§

optimistic by 2-5:1

- field problems caused by inadequate training of
operator and maintenance personnel

- human error

- predictions don't include workmanship or design
deficiencies

16
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TABLE 3, (Continued) CORRELATION OF PREDICTION AND TEST RESULTS AND ;”
FIELD PERFORMANCE '

Nuwber of
Observation observations
0 Analysis results conservative with respect to field
performance 6

- after 3 years of aggressive reliability growth

} analytical results are exceeded in service by 20-50%
; ~ specified environments are not indicative of actual

- field usage

o Field performance better than projected from test results 1

0 Test results optimistic in comparison to field performance 5
- optimistic :y 1.5-42)
= tests provide an optimistic assessment of
operational experiences

ﬁ % o Poor correlation between analysis and test results 4

o Poor correlation between analysis results and field
performance 10
- prediction results usually discarded because
methods for reliability analysis are poor
, -~ analysis results fnaccurate due to. lack of
o meaningful data base
- - unpredicted failure modes or nonrecognition .of
dependence )
- questionable prediction techniques
qualitative aspects of prediction may be more useful
- reliability predictions seldom account for
. in-service exposure to accidental enviromment
severity
poor field data for comparison
due to sparse data in meager or nonexistent data
banks, predictions are useless

o Poor correlation between test results and field
performance 4
- testing 1s hardware oriented whereas field
performance is influenced by personnel training,
support equipment, etc.
- test environment fafled to simulate certain field
conditions
- lab tests are worst case and field use reflects
inadequate traini
- definitions of fajlure not consistent

17
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2.4 SCREENING REQUIREMENTS

A review of the response to this subject question indicates that
methods to screen nonelectronic equipments are as varted as the
nonelectronic designs themselves, The following 1ist of screening
requirements is based on a priority basis and only one task is allotted
per response. For example, if the respondee indicated that MIL-STD-781
tasting and a run-in test on each equipment were both performed at his
facility, only the run-in test is recorded as the preferable methud.

Screening requirement Number of responses

0 Product stress screening 3

: 0 Run-in test 7

- 0 MIL-STD-781 test 2

N, o Sampling qualification test 13

y o First article test 1

= o Fatlure data collection and corrective action 14

B o General Q.A. provisions 37

X 0 Production inspection/test ' 10

3 o No response 25
l}

2.5 OPERATIONAL ENVIRONMENT/DUTY CYCLE

Comments from the survey of reliability programs for nonelectronic
designs indicate that the same profiles are used for analyzing and
testing nonelectronic designs as used for electronic designs. Most I
. respondees (28) derive a best estimate of actual operational environment '
and duty cycle while only a few (7) develop special operational and
a environmental profiles for the mechanical portions of electronic
‘- equipment. Twenty-nine percent of the respondees either do not develop
; operational profiles (21) or use the profile as specified in the contract

(M),

2.6 RELIABILITY PROGRAM TASKS/COSTS

The approach taken to assigning and monitoring relfability tasks for :
nonelectronic designs appears to be no different than for electronic s

18
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.g designs. Most reliability programs are established by contract or upon

' approval of a relfability program by corporate management. In some
cases, tasks are assigned on a program-by-program basis with costs
proportional to complexity of the analytical job, test procedure or other
anticipated work load. Of the 72 responses to this question, 68% stated

: this was normal procedure. Detailed cost data is difficult to obtain and
respondees provided no actual costs to perform the various relijability 1

;; # tasks. 1
3 |

- Another management approach is to include relfability engineering S
tasks as an integral part of the design effort and engineering budget.
Reliability related tasks require about 10% of the total engineering

&? _ budget for equipment critical to mission success and correspondingly less
ﬂ} ; for nonessantial equipment, Nineteen percent of those responding to this
‘\ﬁ g particular question stagedlchat their facilities subscribe to this

f, {ntegrated management appreuch,

'§ , The third group of respondees stated that money for reliability is

; appropriated only when there 1s pressure from a higher authority or when
there are 3o many problems that money must be spent for reliability
engineering tasks. Eight percent of those responding to this question
indicated that such a condition exists at their facility.

In summary, no unique methods for assigning program tasks for
nonelectronic designs could be detected.

- -
1 - -

; | 2.7 PARTS/STANDARDIZATION PRACTICES

Information obtained from the survey on tiiis important question was
limited. Omy twenty-seven facilities indicated that internal standard
parts catalogues or other programs for parts control are in existence.
Three respondees indicated that MIL-STD-965 was being used.

19
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3. CONCLUSIONS

As a result of the survey on reliability programs for nonelectronic ;
designs, the following conclusions were derived. These conclusions were '
used toward development of the recommended reliabilfty tasks contained in
Volume 2 of this report. They have also been used to formulate
recommendations for improving the effectiveness of relifability standards
and procedures.

0 During the conceptual design phase it is desirable to conduct
reliability evaluation tests on critical nonelectronic
components as identified by the FMECA. Details of testing
time, occurrence of wear, noise, etc. should be recorded.

o Care must be exercised in applying MIL-STD-781 to nonelectronic
designs. Qualification tests may be completed prior to
detection of time dependent failure mechanisms.

o  For development programs of one=of-a-kind systems, the
contractor will have to tesi components whenaver possible
during the development phase as components become available.
The FMECA can dictate critical failure modes requiring test.

] The procuring activity can not always dictate the testing
program. The contractor must estimate the total test hours for
each component or assembly in his test plan based on past
experience, identified critical failure modes, availability of
co??og:?fzynnd parts and data requirements to evaluate
relia .

0 Testin? procedures for nonelectronic equipment must be designed
to evaluate potential failure modes. Wear rate and other time
dependent fallure mechanisms must be examined in any endurance
test regardiess of the design phase.

0 Fatigue tests should be sgecifiod in the contractor's test plan
for all parts subject to bending or twisting forces. Fatigue
tests are destructive but can be performed at the part level,

o Reliability predictions are not generally applicable to
nonelectronic designs unless based on detailed stress analysis
or similar equipment operated under a similar envirorment. The
FMECA 1s the more cost effective approach for nonelectronic
designs. Relfability predictions should not be imposed in a
contract for nonelectronic designs without an FMECA,
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Procedures contained in MIL-STD-781 are not generally used for
nonelectronic equipment, Informal TAAF programs are generally
relied upon with emphasis on reliability growth rather than a
grecise measure of reliability. Qualification testing may not

e cost effective for nonelectronic equipment. TAAF combined
with results from ongineerin? development. tests may provide a

better indication of reliability.

Bayesian techniques are used to determine test times when only
small sample sizes are available,

Operational environment is much more critical in the analysis
and testing of nonelectronic eguipment than for electronic
equipment because of the more direct interface with operator
and enviromment. Equipment definitions in the analytical
process must be very precise and test plans for nonelectronic
equipment must reflect this sensitivity. Human factors
relfability must be fncluded as part of the nonelectronic
reliability program,

Unique désigns.of nonelectronic equipment prevent typical
run-in times. ESS for production must be determined from
development tests and FMECA results.

Very 1ittle data has been accumulated on the application of

CERT to nonelectronic equipment. Costs of extended test times

to detect wear out plus the large size of some equipments
;equ}ros such tests to be performed at the component or part
evel.

Standard derating procedures are not available for
nonelectronic designs. The request for proposal should require
a discussion of deratin? criteria 1n conjunction with
requirements for a prediction analysis.

22
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4. RECOMMENDATIONS

f;-,; The purpose of the survey on reliability programs for nonelectronic
B ‘f designs was to determine the adequacy and cost effectiveness of applying
X current relijability standards to nonelectronic designs. Although many
portions of current reliability tasks and procedures as contained in
MIL-STD-785, MIL-STD-1629, MIL-STD-781 and other documents can apparently
be used effectively on nonelectronic designs as well as electronic :
;- ;? designs, for which they were specifically written, the concensus of the 1
f_ respondees to the questionnaire 1s that sufficient differences exist to
; Justify the development of new procedures for nonelectronic designs.
'ﬁ | Design review practices, analytical techniques and testing practices
‘ would be more effective if documented to accommodate the unique
( characteristics of nonelectronic equipment. The procedures could be

included as part of existing standards and handbooks or as self contained
documents,

SRR BT R

Information presently exists which could be made avatilable to a

designer or analyst for determining the reliability of a nonelectronic

design but the information is widely scattered and there exists a

k- definite lack of standardization in the application of reliability

L program tasks and procedures for nonelectronic reliability. A Handbook ]

| of Prediction Methods for Nonelectronic Designs is equired which ;

. contains charts, sketches, graphs and application examples for predicting
the reliability of impacting devices, sliding-crank mechanisms,
actuators, and other nonelectronic components. Descriptions of the

'g_ components for standardization purposes and common failure modes for the

3 standard nonelectronic components need to be compiled and included in the

Handbook. The recommended Handbook would contain sections on applying

in-house data and considering new technology for relfability analyses,

The Handbook should contain reliability prediction methods for

nonelectronic equipment similiar to the methods in MIL-HDBK-217 with

predictions based on the rate of occurrence for each component failure

mode. Volume 2 of this report describes the relationship between FMECA,

5 e S w
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stress analysis and prediction procedures and provides guidelines for
jdentifying faijlure modes and predicting their rate of occurrence.
Sufficient information is available in technical reports and data banks
to expand these guidelines and develop a prediction methodology for
nonelectronic designs.

Procedures for performing a FMECA, reliability prediction and stress
analysis should be prepared specifically directed to nonelectronic
designs consistent with engineering terms, physics of failure and common
failure modes and included in the recommended Handbook of Prediction
Methods for Nonelectronic Designs. Easy to apply stress analysis and
prediction methods should be prepared as a part of a combined FMECA,
prediction and stress analysis procedure which would establish the basic
ground rules for nonelectronic reliability analysis tasks. Volume 2 of
this report contains guidelines for performing reliability tasks which
were derived from results of the survey. These guidelines should now be
prepared in MIL-HDBK format with examples of the application of the
procedures for specific nonelectronic designs. The completed procedures
to be used by designers of nonelectronic equipment and reliability
analysts would promote standard terminology for nonelectronic parts and
devices, avoid the present duplication of reliability engineering

procedures and increase the cost effectiveness of reliability tasks for
nonelectronic designs.

Results of the survey on reliability programs for nonelectronic
designs indicate that MIL-STD-781 is applicable to electronic systems
which contain relatively few nonelectronic components. However, for
nonelectronic systems and nonelectronic components new testing procedures
are required. New test methods for moving parts need tn be developed and
incorporated into a Handbook. The Handbook of Testing Procedures for
Nonelectronic Equipment should contain sections on utilizing analysis
results for designing test procedures and using Bayesian statistical
techniques to minimize testing time. Qualification testing is not always
possible for nonelectronic equipment from a statistical standpoint and

24
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instructions need to be incorporated in the Handbook on using TAAF
program results to qualify a nonelectronic design.

Several respondees of the questionnaire indicated an application
problem with the differences between the requirements contained in
reliability standards and those contained in supporting Data Item
Descriptions (DIDs). DIDs have been prepared for so many particular
equipments and applications that significant discrepancies now exist in
relation to applicable standards. A joint Industry/Government committee
should compile recommended changes to standards and DIDs. Many DID's can
be deleted or their requirements combined,

25
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'y . APPENDIX A

?@':i QUESTIONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

.ff. j Check those blocks that indicate the categories of equipment for which you ‘
’:j are responsible or in which you have significant experience, relative to

. desfgn and reliability programs. Nonelectronic equipments to which the \

. responses herein apply include: .
i I_| A, nonelectronic portions of military electronic systems;

; ,_l B. totally nonelectronic systems designed to military standards, and/or

C. totally nonelectronic systems designed to industry standards.

1. With what types of nonelectronic systems/equipment are you associated? 3
(Please be as specific as possible), 5

Systems:

o - Components:

=t
A

2, What is your function most closely associated with reliability programs?

Field Engineering

Marketing

Program Management b
Quality Control/Assurance 3

Engineering Management
Product Design

Reliability Engineering
Maintainability Engineering

. Analysis Test Engineering :
k. Testing Standards )
: Evaluation Other

1 3 3. Which of the following categories most accurately describes your field
4 of endeavor?

5 Manufacturing - [

L Independent testing laboratory _ _ 1
» Government (Development Procurement|”| Production Procurement|”| .
K Management| | Support|”| User|”| Research|”| T&E|T|)

Military (Aviation|”| Tand|”| Teal”| SubSeal”| Spacel|)
Ccrporate Research and Development

Design Engineering

Software Development

Other

S O e O O |
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Is MIL-STD-785 used in development programs for nonelectronic equipment
at your facility when not specifically called out in military contracts?
I"IYes [|"INo Revision Do you utilize industrial requirements
sTmilar to MIL-STD-785 Tor development programs? |_|Yes |”INo (If yes,
14st by reference number, title, and brief description)

Comments:

How are reliability requirements and goals specified for your
development programs? (Check all that apply)

System level failure rates
Probability of mission accomplishment
Safety

(|
[l
It
IZ| Other

Which factors are included in the derivation of reliability requirements
and goals? (Check all that apply)

Operational environment

Type of performance or acceptance testing to be satisfied
Maintainability requirements

Factors dictated by reliability prediction methods to be used
Development budgets allocated to reliability

Production processes

Cost restraints

Other

Comments:

How are reliability program requirements incorporated in the design
phase of your development program? (Check all that apply)

As a separate discipline monitoring the design engineers' efforts
Integrated with manitainability design
As an integral part of the design team effort
By contractual requirement
As a result of design analysis
én:egrated with system level goals
ther

O T

Comments:

28
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8. Reliability values are apportioned to the:

I”| System level (aircraft, radar, etc.)

|_| Equipment level (communications receiver, computer, etc.)
I_| Unit (hydraulic actuator, motor, etc.)

I_| Component (seals, shafts, 1inkage, etc.)

Comments:

9, What method is used at your facility to ensure that requirements are
met? (Check all that apply) '

Must meet specific numerical requirements or is not accepted

Penalty for reduced reliability (Lower grice or loss of fee)

RIW (Manufacturer must fix it 1f it fails under warranty)

Incentives (Added fee or other compensation for exceeding stated

reliability requirements) :
Qualification Tests 5
Reliability Growth monitoring 4

Comments:

10. Does your reliability program distinguish between reliability as it _
affects the missfon and as {t affects logistics support? [_iYes [iNo
What analytical methods/techniques or models are used?

Comments:

11. In your opinfon, 1s MIL-STD-785 applicable to_development programs
involving nonelectronic equipment? | |Yes [ INo, Can its application
be cost effective in establishing a_reliabi1ity program for
nonelectronic equipment? |~|Yes [”[No. (Check all that apply)

Comments:

29
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12. What 1s your opinfon as to the cost effectiveness of applying the
following methods for nonelectronic design analysis? Please comment 1in
tems of system and component Tevels, specific types of equipment, etc.

FMEA

Reliability Prediction

Stress Analysis

Qualification Testing Analysis

Accelerated Testing Analysis

) Reliability Growth .

I Other

30
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- 13. Please list the industrial, governmental or internal ?roc_edures or i
methods which your facility actually uses for relfability analysis of ;
B . nonelectronic designs. 3
p =] MIL-STD-756
MIL-STD-1629
—| ARP 926 .
_| Nonelectronic Reliability Notebook :
_| Assumed stress ratios b
—| Detailed stress analysis 3
‘ _| Other
_“1 ,"
"; 14, Who in your facility normally performs reliability analyses of 3
g nonelectronic equipment? ,
£
:‘ Department Analyst's functional title
; IZ| Mechanical Design Engineering
. # |_| Electrical Des'l?n Engineering
& ~| Reliability Design Engineering
b |__| Quality Assurance
” _| Other
} ) 15. What is the lowest equipment level at which you perform a reliability
i analysis? Use A=system, B=component, C=part
g | ReT{abi 1ty prediction |
‘ FMEA [
. Apportionment
'y
g Stress analysis
. Other:
- Comments:
i
.‘s‘. . ;
' 3
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16. Are the results of reliability analyses actually used for any of the 4
following functions or activities at your facility? Please remember X
that this is not a theoretical text book question and your response
should be based upon your personal experience.

design reviews l;
spare parts 1istings |
maintenance plans ,
design program decisions
cost trade-off decisions 3
test glanning .

reliabi1ity growth 1
other -'\
f} 17. Please comment on any experience you may have regarding the degree of %”
g correlation between analysis results and actual field performance. ;
™ y

18, Do you perform Failure Mode and Effects Analyses (FMEA) on nonslectronic
g :gulpmen%?) IZIYes |”INo If yes, are they performed: (Check all
at apply

as part of every design/development effort

in event of unexpected catastrophic failures

only when relfability is determined to be below contract
requirements

only if required under the contract

in accordance with MIL-STD-1629

in accordance with ARP 926

in accordance with other requirements

Comments:

32
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19. Which of the following approaches to conducting an FMEA apply to your
analyses? (Check all that apply)

KAt

bottom up

top down

hardware

functional

mission oriented

safety oriented
maintenance oriented
quantitative criticality
qualitative criticality

L et

T - Comments:

20. Do you use reliability/maintainability predictions as an input to
determine any of the following? Check one or more:

IZ| Life Cycle Costs

|| Acquisition Costs

;__ Logistic Support Costs
I~

ST b -
Ykt

FRr e
ue

| Development Costs
| Spares Requirements

T;:}:&‘_;.‘?—ET’ 1‘

21. What sources of data do you use to predict relfability?

ke mrin
- e fig -

K |~ MIL-HDBK-217 I"| AF-66 Data
A I~ RADC Nonelectronic I”| GIDEP .
i Reliabi1ity Notebook :_ MIL-HDBK-5

I_| 3-M Data Other

. Comments on application, validity or usefulness of these sources: E

33
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. 22, Do you use reliability predictions as a means of detemining whether
design objectives for nonelectronfc systems have been achieved? | |Yes
e IZINo If yes, what method/procedure is used?

23, Please comment on any experience you may have regarding the degree of
correlation between reliability predictions and test results.

T @

3 T

24, Do you include effects of overhaul or maintenance actions in your
relfability predictions? |”|Yes ["INo ,

Comments:

-, i5di

st i

25, Is MIL-STD-756 a satisfactory tool for performing reliability
predictions for nonelectronic equipment? |_|Yes |~INo

R i Comments:

26. What analytical techniques do you use to perform a stress analysis? At
what equipment level?

27. Do you use MIL-HDBK-5 to assess reliability? [“(Yes [TINo 1Is
MIL-HDHK-5 a satisfactory tool for determining properties and
. characteristics of materials for reliability evaluation purposes?
IZIYes |”INo What other data sources do you use?
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28,

29,

30,

3.

32,

Describe briefly the procedures you use to assure adequate safety
margins,

| theoretical stress analysis
piece part testing data

| system qualification testing
probabil{istic design methods
stress derating

| other

Description

Is glannoQﬂreliabiIity growth included in your reliability programs?
IZIYes |”INo How are growth requirements specified and measured?

How are test results incorporated into your revised growth projection?

What methods do you use to ensure that inherent design reliability is
preserved during production?

Do you have any internal parts selection procedures for nonelectronic
components? |_|Yes |_|No

Describe:
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f 33. Do you develop individual operational and/or environmental profiles
" prior to testing nonelectronic equipments? [_|Yes |_[No If yes,
fgﬁ describe procedures used.

34, ll)_g|yo$ use Iry'.'-‘STDJB‘I for testing nonelectronic equipment?
es | _|No

I_| Revision B
|| Revision C

35. Do you use cormercial procedures which are_similar to MIL-STD-781 for ;
\ testing nonelectronic designs? |_|Yes |_INo If yes, describe by b
number, title and contents:
b !
36. With that type of wear out characteristics are you concerned during
b reliability testing?
W
.
»1; 37. What method do you use to adjust the reliability established from ;
laboratory test results in estimating operational relfability? 1
3 |
38, How are accept/reject criteria established for reliability tests?
L 1
L 39. Do your testing procedures assume a constant failure rate distribution? L
| “IYes |”INo If no, what distribution do you apply to testing 1
i proceduresT -
}
W |
‘. 36 ]
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40. Do you believe MIL-STD-781 is appropriate for testing nonelectronic ‘
. equipment? |[“|Yes |"|No If yes, provide one or two equipment
-1 examples for each category to which you feel MIL-STD-781 applies.
A Answer based on [_|Rev B, |”|Rev C, [|Both

1”1 system leve)

' “ IZ|  component 1evel

( 41, Could MIL-STD-781 be improved to make 1t more applicable to
g ‘1 nonelectronic equipment testing or should new procedures be developed?

New Procedures Required

"_:I Improvement Required
I”I No Improvement or New Procedures Required

Suggestions for improvements/new procedures:

; 42, What method(s) do you use to determine umqle size and test time or
A number of test cycles when only small sample sizes are available?

43, What method do you use to establish risk factors resulting from
truncated tests?

44, Please comment on any experience you may have regarding the degree of
correlation between reliability testing and field performance results.

37
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45, Indicate the tests most effective at your facility for verifying
nonelectronic equipments. (Check a1l that apply)

~W Level of Application
- Type System Component Materials :

Vibration
Temperature
Humidity

Shock

Salt Spray

Step Stress
Constant Stress
Progressive Stress
Environmental
Screening Tests
Corrosion
Production Processes

IR EREEEREEEN
N EREREEEEEN
NN ENEENENE

46, Please describe how reliability tests for nonelectronic equipment are
normally performed at your facility.

|”] For a specified period of time

|”1 Until a predetermined number of events/cycles are completed
} } Until a predetermined number of failures have occurred
I~

Until catastrophic failure occurs
Recurring until all major failure modes are identified

‘ Comments:
{
47. Do you use accelerated testing methods to determine performance/
reltability? |_IYes [|_INo
P Procedures used:

, 48. How do you evaluate test results in establishing quantitative
5 reliability?

49, How do you analyze the validity of your assumed failure rate i
distribution and 1ts effects on test results? ;

38
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B 50. Please rate the following Standards, Specifications and Handbooks on the

. basis of effectiveness in achieving and demonstrating reliability for

% \ nonelectronic equipment, Check the appropriate column to show whether

I the 1isting 1s applicable to the system or component levels or to both

{3 and then its degree of effectiveness.

ﬁ DOCUMENT ID TITLE/SUBJECT APPLICATION EFFECTIVENESS

b

;;: ; Sys./Comp/Both  Exc./Good/Poor

3

jt

px

. FED-STD-161B  Metals: Test Methods o IO O S |

.

i MIL-STD-105D  Sampling Procedures and I 1T

e Tables for Inspection by

| Attributes

‘.

L MIL-STD-2100  Climatic Extremes for e v Y

% ( Military Equipment

aa‘ MIL-STD-464G Standard General Require« || —_— 1 |

ol ments for Electronic Equip-

T ment

. MIL-STD-470  Mafntainability Program || I~"| [~~~

] Requirements (for Systems

’;- and Equipments)

L |

¥ MIL-STD-471A MaintainabiVity/Verification || I | 1__I—__ 1|

| Demonstration/Evaluation

3

{

5 MIL-STD-721B  Definition of Effectiveness |—__|___|_ | |___|I____ || |
Terms for Reliability, A

T Maintainability, Human :

[ ‘ Factors and Safety

- MIL-STD-756A Reliabiiity Prediction I I

; MIL-STD-757 Reliability Evaluation from |—_|__ 1" | |__I__I—)

N Demonstration Data

}‘,»;

j
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DOCUMENT 1D

MIL-STD-781B

MIL-STD-781C

MIL-STD-7858

MIL-STD-882A

MIL-STD-810C

MIL-STD-965

TITLE/SUBJECT
Reliability Tests Exponen-
tial Distribution

Reliability Tests Exponen-
tial Distribution

Relfability Pm?mn for
Systems and Equipment
Development and Production

System Safety Program for
Systems and Equipment;
Requirements for;

Environmenta) Test Methods

Parts Control Program

MIL-STD-1304A(AS) Raliability Reports

MIL-STD-1312

MIL-STD-13788B

MIL-STD-1388

MIL-STD-1472B

Fasteners, Test Methods

Requirements for Employing
Standard Hardware Program
Modules

Logistic Support Analysis

Human Engineering Design
Criteria for Military
Systems, Equipment and
Facilities
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e
. 1
’é\’ ! DOCUMENT 1D TITLE/SUBJECT APPLICATION EFFECTIVENESS -
f%’ . Sys./Comp/Both  Exc./Good/Poor 1
TR . :
s‘,‘#’y -..- ,'
. MIL-STD-1635A  Supplier Quality Assurance |_ I __|I” | I I ‘
. Program Requirements
o MIL-STD-1543  Reliability Program Requive- [—"I""I—"| |~~~ -
. ments for Space and Missile 1
w ‘ Systems 18
;. 3
. MIL-STD-2068(AS) Rel{ability Development e I Sy
. ."S | :
. MIL-STD-2070(AS) Procedures for Ferfoming |” I 1" |11 1
: g& a Failure Mode, Effects and §
o Criticality Analysis for 1
i Aeronautical Equipment y
MIL-$TD-2074(AS) Fajlure Classification for |~ I~ [~=I——I~"
Reliability Testing ,
MIL-HDBK-5C Metallic Materials and Y O A R O N
Elements for Aerospare
Yehicles
H-50 Evaluation of Contractors | I I"—| |1 "I—|I ]
Quality °rogram 3
H-51 Evaluation of Contractors | T Y I '
Inspection System
H-53 Guide for Sampling Inspec- |___I_ 1| 111 d
tion
H-106 Multi-Level Continuous 71—
SamEHng Procedures and
Tasks for Inspection by
Attributes

41
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DOCUMENT ID

'
<3
iy
Ay
3
)
y
g
5
i
B
W,
kA
-
o
i
«
o
gt

. H=107
X
. H-108
-
- K-109
B MIL-HDBK~217C
;” .
. MIL-HDBK-251
&‘;!‘%
4 f MIL-HDBK-472
i
} MIL-Q-9858A
R NAT-STD-3518
!
K MIL=E-5272C
!J" h
!
}
; MIL-H-468558
y
¥

TITLE/SUBJECT

Single-Level Continuous
Sampling Procedures and
Tables for Inspection by
Attributes

Sampling Procedures and
Tables for Life and Relfa-
bi11ty Testing (Based on
Exponential Distribution)

Statistical Procedures for
Determining Validity of
Suppliers' Attributes
Inspection

Reliability Prediction of
Electronic Equipment

Reliability/Design, Thermal

Applications

Maintainability Prediction

Quality Program Requirements |

Environmental Test Methods
for Aircraft Equipment and

Associated Ground Equipment

. Environmental Testing,
Aeronautical and Associated

Equipment, General Speci-
fication for

Human Engineering Require-

ments for Mi11tary Systems,

Equipment and Facilities
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DOCUMENT ID

NAT-STD-4108

MIL-P-11268K

MIL-R-22732C

MIL-T-5422F

ATSM-E6

. ARP 926

NAVAIR-01-1A-32

- NAYAIR-01-1A-33

X RDH-376

AD/A~006~657

{0 AT S ST L

TITLE/SUBJECT APPLICATION

Sys./Comp/Both

EFFECTIVENESS
Exc./Good/Poor

NATO Inspection and Quaiity | [T |
Control Requirements for

Industry; AQAP-1, AQAP-4,

AQAP-9

Parts, Materials and —_— I
Procasses Used in Electronic
Equipment

Reliability Requirements for |—_|__ |~ |
Shigboard Electronic Equip-
men

Testing, Envirommental, Afr- |—_ | |— |
craft Electronic Equipment

Definitions of Terms
Relating to Methods of
Mechanical Testing

o * Smemstemsen * \isma—

Fault/Failure Analysis

Reliability Engineering
Handbook

Maintainability Engineering |~
Handbook

ne11ab111t{ Design Handbook |~ _|— ||
published by the Rel{ability

Analysis Center (IIT Research

Institute)

Nonelectronic Reliability
Notebook (US Dept. of
Commerce for Rome Air
Development Center)

l ' l .l
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E? i 51. How are costs for reliability programs allocated, budgeted and monitored 4
il Q at your facility?

i 52, Have any of your government contracts specified a requirement for

. }_Q(l::‘usion of a reliability centered maintenance (RCM) program? |_|Yes
N _INo
‘f' Example contract:

By
= §3. Do government directives (Data Item Doscrigtions instructions, etc.)
b add to the effectiveness of contractual relfability and maintafnabii{ty
. requirements? Yes|_| No|_|
B Comments
i

A 54. Is there a significant lack of standardization in the nonelectronic

L product world in gpelicagipn of terms, specifications or qualified

¥ product 11sts? |“|Yes |”INo

R It yes, what efforts are currently underway or should be initiated to
g solve this problem?

55, Should there be separate reliability specifications/standards for large
. equipments (f1ight contro) systems, howitzers, computers) as compared to

?_ngﬂ or.rrg(me easily tested equipments (motors, printers, actuators)?
es 0

Comments:
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56,

57.

58,

59,

To your knowledge, are any of the engineering professional societies -
currently engaged in a productive effort to develop or upgrade stardards ]
or specifications that will have an effect on reliability/maintainabiiity y
of nonelectronic equipment? |”|Yes |_INo

If yes, identify the society/organization and the particulars of their
projects.

Does the added requirement of rngedizatipn for certain military
equipment affect reliability? | [Yes ["INo 1If yes, explain, including
the effect of ruggedization on sTze and weight.

Is sufficient information available to perform reliability analysis for
nonelectronic design? 1If not, do you think a Handbook is possible which
could provide procedures, guidance and material {nformation?

Additional comments which will help us to determine the adequacy and
cost effectiveness of applying current reliability specifications to
nonelectronic equipment,

NAME : !
COMPANY /AGENCY:
MAILING ADDRESS:

TELEPHONE NUMBER:

a5 |
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¥ dh APPENDIX B
.‘;;' NUMERICAL SUMMARY OF QUESTIONNAIRE RESPONSES
.“ Introduction: X
R Nonelectronic equipments to which the responses herein apply
B 1nclude:

_"53 69 (624) indicated nonelectronic portions of military

g electronic systems

51 (46%) indicated totally nonelactronic systems designed to
military standards

32 (29%) indicated totally nonelectronic systems designed to
industry standards

10 ( 9%) did not respond

Questions:

1. With what types of nonelectronic equipment are you associated?
112 responded to the question (100%).

2. What is your function most closely associated with reliability

programs?
Engineering Management 26 (23%)
Product Design 6 ( 5%)
Reliability Engineering 78 (70%)
Maintainability Engineering 36 (32%)
‘ Analysis 20 (18%)
Testing 2 (19%)
Evaluation 24 (21%)
Field Engineering 2 (2%)
Marketing 2 ( 2%)
Program Management 6 ( 5%)
Quality Control/Assurance 15 (13%)
Test Engineering 5 ( 4%)
Standards 6 ( 5%)
Other 7 ( 6%)

47

- --n— SRt e it matce Koo 1 ‘ .

s

'-’ ! Db e lIH ‘&’.ZM r.m WO e 1l T d\‘ ' . m’ “‘“) :. ' i "i' AR, AT
Ma.hu..... m——— . th pn




e 3. Which of the following categories most accurately describes your field

.?I? . ‘ of endeavor?

, 4 Manufacturing 17 (15%)

Independent Testing Laboratory 1 ( 1%)

N Government 50 (45%)

Ny Military 3 (28%)

| Corporate Research and Development 10 ( 9%)

Design Engineering 34 (30%)

‘ Software Development 4 ( 4%)

Other n (10%) ;
4a, 13 MIL-STD-785 used in development programs for nonelectronic equipment i 1
% at your facility when not specifically called out in military contracts? Iy
- Yes 4 (36%) 1 '_i
No 49 (44%) '
No response 23 (21%)
b |
K 4b, Do you utilize industrial requirements similar to MIL-STD-785 for :
4 development programs? '{
Yes 17 (15%)

6 No 45 (40%)

No response 50 (45%)

5. How are relifability requirements and goals ngocifiod for your
development programs? (Check all that apply

‘ B System level failure rates 90 (80%)

. Probability of mission accomplisiment 73 (65%) |

Safety 45 (40%) 3
Other 35 (31%) |

R T




4 6. Which factors are included in the derivation of reliability

W requirements and goals? (Check ail that apply)
§ i Operational environment 100 (90%) |
- § Type of performance or acceptance
testing to be satisfied 66 (59%) '
Maintainability requirements n (63%)
. Factors dictated by reliability
. methods to be used 40 (36%)
; Development budgets allocated to
reliability 32 (29%)
L Production processes 17 (15%)
x Cost restraints 35 (31%)
Other 21 (19%)
No response 3 ( 3%)
. 7. How are reliability program requirements incorporated in the design
W phase of your development program? (Check all that apply) :
N As a separate discipline monitoring
N {J the design engineer's efforts 59 (53%)
Integrated with maintainability design 45 (40%) ,
; As an integra) part of the design ;
i team effort 64 (57%)
' By contractual requirement 69 (62%)
b . As a result of design analysis 40 (36%)
- Integrated with system level goals 56 (49%)
y Other 10 ( 9%) X
. No response 7 ( 6%)
) ¥
8. Reliability values are apportioned to the:
System leve) 53 (47%)
Equipment level 57 (60%)
) Unit 57 (51%)
Component 23 (21%)
No response 9 ( 8%)
49
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9. What method is used at your facility to ensure that requirements are
ﬂ met? (Check all that apply)

Must meet specific numerical require-

N ments or is not accepted 55 (49%)
' Penalty for reduced reliability (lower
price or loss of fee) 10 ( 9%)
RIW (Manufacturer must fix it if it
fails under warranty) 28 (25%)

Incentives (Added fee or other compen-
satfon for exceeding stated

N reliability requirements) 28 (25%)
. Qualification tests 78 (70%)
. Reliability growth monitoring 6! (54%) 1
i No response 7 ( 6%) q
Y .
10, Does your reliability program distinguish between reliability as it
. affects the mission and as it affects logistics support?
8 Yes 70 (63%) '
b No 33 (29%) |
No response 9 ( 8%)
v Ha, In your opinion, 1s MIL-STD-785 applicable to development programs
i fnvolving nonelectronic equipment? |
Yes 73 (65%) !
, No 13 (12%) ‘
¥ No response 26 (23%)

11b, Can its application be cost effective in establishing a reliability
Y program for nonelectronic equipment?

-— -

Y Yes 70 (63%)
] No 12 (11%)
No response 30 (27%)

50
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12. What 1s your opinion as to the cost effectiveness of applying the
following methods for nonelectronic design analysis?

FMEA - Cost effective 87 (78%)
Reliability Prediction - Cost effective 64 (57%)
Stress Analysis - Cost effective 76 (68%)
Qualification Testing Analysfs -
Cost effective 74 (66%)
Accelerated Tasting Analysis - Cost
effective 52 (46%)
Reliability Growth - Cost effective 49 (44%)
No response 8 ( 7%) )

13. Please 1ist the industrial, governmental or internal ?rocoduros or
g methods which your facility actually uses for reliability analysis of
i nonelectronic designs.

i MIL-STD-756 35 (31%)
MIL-STD-1629 29 (26%)
‘. ARP 926 8 ( 7%)
Nonelectronic Reliability Notebook 48 (43%)
. Assumed stress ratios 17 (16%)
! Detailed stress analysis 51 (46%)
\ Other 35 (31%) |
! No response 12 (11%) !
\ . 14. Who in your facility normally performs reliability analyses of f
) nonelectronic equipment? :
b Mechanical Design Engineering 28 (25%)
- Electrica) Design Engineering 5 ( 4%) ?
| Rel1abi11ty Design Engineering 67 (60%)
Quality Assurance 14 (13%)
Other 18 (16%)

No response 18 (13%)




15. What is the lowest equipment level at which you perform a reliability
analysis? Use A = system, B = component, C = part

Reliability prediction A 7
B 34

c 53

No response 5

A 8
B 36
c 4
No response 14

Apportionment A 7
B 52

c 18

No response 22

Stress analysis A 1
B 10

c 68

No response 20

No response 13

Are the results of reliability analyses actually used for any of the
following functions or activities at your facility? Please remember
that this is not a theoretical text book question and your response
should be based upon your personal experience.

Design review 89 (79%)

Spare parts listings 51 (46%)

Maintenance plans 58 (52%)

Design program decisions 68 (61%)

Cost trade-off decisions 6 (54%)

Test planning 59 (53%)

Reliability growth 53 (47%)

Other 20 (18%)

No response 7 ( 6%)

17. Please comment on any experience you may have regarding the degree
correiation between analysis results and actual field performance.

Good 3 (28%)
Poor 20 (18%)
Conservative 7 ( 6%)




4 Optimistic 9 ( 8%)
' No response/not-applicable 45 (40%) ~‘-.
B Y] 3
- 18a. Do you perform Failure Mode and Effects Analyses (FMEA) on nonelectronic
. _ equipment? i
- Yes 82 (73%) L
P No 23 (21%) 1
' !‘ No response 7 ( 6%)
i .
18b. If yes, are they performed: (Check all that apply) !
k 1 as part of every design/development ]
‘- effort 45 (40%)
f in event of unexpected catastrophic 1
i failures 24 (21%) i
i only when reliability 1s determined to b
! fh be below contract requirements 3 ( 3%) ]
- in accordance with MIL-STD-1629 29 (26%) E
in accordance with ARP 926 10 ( 9%) E

,‘% f 1ti accordance with other requirements 24 (21%) "
i no response 30 (27%) ]
- . 19, Which of the foliuwing approaches to conducting an FMEA apply to your ;
T analyses? (Check all that apply)
. bottom up 52 (46%)
. top down 58 (62%)
b hardware 57 (61%)
; functional 70 (63%)
A mission oriented 65 (58%)
' safety oriented 51 (46%)

maintenance oriented 26 (23%)

quantitative critically 37 (33%)

qualitative critically 49 (44%)

ho response 2) (19%)
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20. Do you use reliability/maintainability predictions as an input to
i determine any of the following? Check one or more:
i’ k Life Cycle Costs 61 (54%)
£ Acquisition Costs 17 (15%)
. Logfstic Support Costs 65 (58%)
] Development Costs 17 (15%)
o Spares Requirements 76 (68%)
g No response 23 (21%)

SR o

21, What sources of data do you use to predict reliability?

& MIL-HDBK-217 77 (69%)
¢ RADC Nonelectronic Reliability Notebook 66 (69%)

g 3-M Data 23 (21%)

X AF<56 Data 17 (15%)
- GIDEP 49 (44%)

. MIL-HDBK~5 n (10%)
. Other 64 (57%)
8 No response 6 { 5%)

Y. 22, Do you use reliability predictions as a means of determining whether
ﬁ design objectives for nonelectronic systems have been achieved?

‘@ Yes 54 (48%)

1 No 44 (39%)

No response 11 (13%)

23, Please comment on any experience you may have regarding the degree of
correlation between reliability predictions and test results.

Good 8 ( 73) ]
{ Poor 3 ( 3%) p
: Conservative 24 (21%) ;
/ Optimistic 24 (21%)
' No response 53 (47%)

b4 -




- i
b ( 24, Do you include effects of overhaul or maintenance actions in your
| reliability predictions? K
{\ _f Yes 50 (45%)
e No 46 (41%) 3
N No response 16 (14%) |
"‘i’-‘ 25, Is MIL-STD-756 a satisfactory tool for perfoming reliability l :
i predictions for nonelectronic equipment?
2 Yes 3 (28%) -
W No 40 (36%) 3
' No response 4 (37%) i
. ‘ . 26, What analytical technigues do you use to perform a stress analysis? b
._ﬁi, MIL-STD-217 procedures 4 ( 4%) P
L Probabilistic Stress/Strength 7 ( 6%)
E Conventional Engineering/Mechanical
‘ (u Stress/Strength 18 (16%)
bt Computer Aided 5 ( 4%)
NASTRAN/Finite Element 10 ( 9%)
:; No response/not applicable 68 (61%) ;
"
‘ 27a, Do you use MIL-HDBK-5 to assess reliability? L
;; ' Yes N (10%)
4 No 25 (22%)
. No response 76 (68%) |
1 : !
‘ 27b. 1s MIL-HDBK-5 a satisfactory tool for determini nY properties and
| characteristics of materials for reliability evaluation purposes? b
‘ Yes 13 (12%) y
No 4 (13%)
?1!‘ No response 85 (76%) \
. b {,
i |
. _ 55 1
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theoretinal stress analysis
piece part testing data
system qualification testing
probabilistic design methods
stress derating

no response

No response
How are test results incorporated into your revised growth projection?

Update o1d growth projection
Corrective action/TAAF
Graphically tailored in each case
Duane plot

Not performed

No response

Basic quality control methods
Sample testing

Process inspection

No response/not applicable

ﬁl g
B
I

56
43
55
32
69
16
20

Describe briefly the procedures you use to assure adequate safety

(50%)
(38%)
(49%)
(29%)
(62%)
(13%)
(18%)

Is planned reliability growth included in your reliability programs?

58 (52%)
38 (34%)
16 {14%)
17 (15%)
5 ( 4%)
5 ( 4%)

( 5%)
7 ( 6%)
72 (64%)

3
50
37
19
24

What methods do you use to ensure that inherent design reliability is
preserved during production?

( 33%)
(45%)
(33%)
(17%)
(21%)
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32,

33.

34,

38,

Do you have any internal parts selection procedures for nonelectronic
components?

Yes 56 (50%)
No 30 (27%)
No response 26 (23%)

Do you develop 1ndividual operational and/or enviromnmental profiles
prior to testing nonelectronic equipments?

Yes 70 (63%)
No 26 (23%)
No response 16 (14%)

Do you use MIL-STD-781 for testing nonelectronic equipment?

Yes 43 (38%)
No 48 (43%)
No response 21 (19%)

Do you use commercial procedures which are similar to MIL-STD-781 for
testing nonelectronic designs?

Yes n (10%)
No 62 (55%)
No response 39 (35%)

36. With what type of wear out characteristics are you concerned during

reliability testing?
Fatigue 31 (28%)
Corrosicen 12 (11%)
Lubrication breakdown, contamination

and leakage 14 (13%)
Out of specified 1imits 5 ( 4%)
Abrasion/Wear 7 ( 6%)
Storage 4 ( 4%)
None 8 ( 7%)
No response 51 (46%)
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37.

38,

39,

40.

4.

What method do you use to adjust the reliability established from
laboratory test results in estimating operational relfability?

Derating factors 23 (21%)
Judgement/past experience n (10%)
Not performed 20 (18%)
No response 61 (54%)

How are accept/reject criteria established for reliability tests?

Contractually specified 16 (14%)
Past experience 10 { 9%)
MIL-STD-781 procedures 23 {21%)
Tailored for each program 2 (19%)
No response/not applicable 42 (38%)
Do your testing procedures assume a constant failure rate distribution?
Yes 67 (60%)
No 23 (21%)
No response 22 (19%)

Do you believe MIL-STD-781 {s appropriate for testing nonelectronic
equipment?

Yes 21 (19%)
No 44 (39%)
No response 47 (42%)

Could MIL-STD-781 be improved to make it more applicable to
nonelectronic equipment testing or should new procedures be developed?

Improvement Required 24 (21%)
New Procedures Required 43 (38%)
No Improvement or New Procedures

Required 5 ( 4%)
No response 49 (44%)

58




X ﬁ
g |
Ry 1
§ 42. What method(s) do you use to determine samgle size and test time or
'}ﬂ number of test cycles when only small sample sizes ire available?
‘Q‘.L’ Economic considerations 28 (26%)
g i Contract requirements 10 ( 9%)
MIL-STD-781 procedures 5 ( 4%) ,
: Statistical (Byo, Chi-square, Q
N Poisson, etc.) 18 (16%) 3
‘. Bayesian techniques 3 ( 3%)
E Ef No response/not applicable 49 (44%)
g
iﬁ ' 43, What method do you use to establish risk factors resulting from
- truncated tests?
:ﬁ‘ . General statistical techniques 17 (15%)
MIL-STD-781 procedures 7 ( 6%)
"o Engineering judgement 6 ( 5%)
Not performed 5 ( 4%)
-“ﬁ No response/not applicable 77 (69%)

44. Please comment on any experience you may have regarding the degree of

correlation between reliability testing and field performance results.
h

T
R

Good 22 (20%)

.;3 Poor 14 (13%)

- Conservative 5 ( 4%)

‘R Optimistic 4 ( 4%)

. No response/not applicable 67 {60%)
L 45. Indicate the tests most effective at your facility for verifying {
) nonelectronic equipments. (Check all that apply) i
| Vibration 81 (72%) .
' Temperature 80 (71%) :
Humid{ ty 62 (55%) g
-" Shock 68 (61%) f
. Salt Spray 43 (38%) b
B Step Stress 2 (193) ‘5
) Constant Stress 25 (22%) E
: l§
N 59 ;
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Progressive Stress 20 (18%) ;
Environmental 58 (52%) i
Screening Tests 35 (31%) i
Corrosion 42 (38%) \_
Production Processes 36 (32%) g
No response/not applicable 2 (19%) t

46, Please describe how reliability tests for nonelectronic equipment are
normally performed at your facility,

For a specified period of time 57 (61%) |
Until a predetermined number of '[
events/cycles are completed 58 (49%) '@
Until a predetermined number of i
failures have occurred 10 ( 9%) 1
Unti) catastrophic failure occurs 16 (14%) 3
Recurring until all major failure “k
modes are identif{ed 7 ( 6%) 5
No response/not applicable 32 (28%) I

47, Do you use accelerated testing methods to determine
performance/reliability?

Yes 52 (46%)
? No 40 (36%) i
A No response 20 (18%) |
! E 48. How do you evaluate test results in establishing quantitative %
.; reliability? y
; MTBF 5 ( 4%) |
§ Basic statistica) methods 29 (26%)
; Not performed 7 ( 6%) .
, Expected level of improvement 5 ( 4%) ;
; No response/not applicable 66 (59%)

60




é 49.

o BT e

51,

- 52,

{1 53,

"-.5 54 .

How do you analyze. the validity of your assumed failure rate
distribution and its effacts on test results?

Statistics/curve fitting 14 (13%)
Weibull plot 3 ( 3%)
Not performed 14 {13%)
Past experience 4 ( 4%)
No response/not applicable - 77 (69%)

How are costs for reliability programs allocated, budgeted and
monitored at your facility?

Percent of project budget 12 (11%)
Cost estimate of expected tasks 17 (15%)
Contract/project office 43 (38%)
No response/not applicable 40 (36%)

Have any of your government contracts specified a requirement for
inclusion of a reliability centered maintenance (RCM) program?

Yes 26 (23%)
No 55 (49%)
No response 3 (28%)

Do government directives (Data Item Descriptions, instructions, etc.)
add to the effectiveness of contractual reliability and maintainabiiity
requirements?

Yes 60 (54%)
No 22 (20%)
No response 30 (27%)

Is there a significant lack of standardization in the nonelectronic
product world in application of terms, specifications or qualified
products 1ists?

Yes 58 (52%)

No 14 (13%)

No response 40 (36%)
61
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55,

56.

57.

58b.

Should there be separate reliability specifications/standards for large
equipments (f11ght control systems, howitzers, computers) as compared
to smaller, more easily tested oquimnts (motors, printers, actoators)?

Yes 48 (43%)
No 29 (26%)
No response 35 (31%)

To your knowledge, are any of the onginnring professional societies
currently englgod fn a productive effort to develop or up’udo standards
or specifications that will have an effect on reliability

ability of nonelectronic equipment?

raintatn-

Yes 27 (24%)
No 51 (46%)
No response k| (30%)

Does the added requirement of ruggedization for certain military
equipment affect reliability?

Yes 45 (40%)
No 7 ( 6%)
No response 60 (54%)

Is sufficient information available to perform reliability analysis for .
nonelectronic designs? i

Yes 20 (18%)
No 36 (32%)
No response 56 (50%)

If not, do you think a Handbook 1s possible which could provide
procedures, guidance and material information.

Yes 60 (54%)
No 9 { 8%)
No response 43 138%)

62
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APPENDIX C

SUMMARY OF REJPONSE
TO QUESTIONNAIRE
ON RELIABILITY PROGRAMS
FOR NONELECTRONIC DESIGNS
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initial acraen and
endback

o For produstion
verification at
systom 1pve!

o Computer dest
CAGR used "

g 1rer e < RN AR

o Use 701C since 1t )
mml. wathods far
test and reliability
analysis .
[ ot restricts
u/test t

1 8

Cos) conversion

plants, naval michine
ary and propulsion
.'.ﬂ'l. Mt

oy
plants, aircroft and
tutomotive enginey

Pumps, peare, seals,
fang, comprassors,
motors, ete,

© 788 used in cons
iuneuun with 1EKL
e {ability Analysis
Guide-783 aoplicadle
for nonslectronie
equipment

0 Numarical requirg.
ments establithed at
system Yevel

o Reltability contrel

through reltabiiicy
growth monitoring

o 756 not gatisfac-
Rory for aonelectrone
1¢ equipment becaute
of 14ck of compenent
standardiration

o Predictions effecs
av: !ortmm‘n::d'
utpment | v or
1ite cycle costy and
1oares requirementy

o fffectiva for
Hr:t-of-u-nnd
auipnent at compos
nent and aystem Yawve)

0 Usad in aver,
progrem for catastroe
phic falluret

o (ffective utiiines
tion ot component
leve!

o Thearekica) stretd
analysis uied to
ensure sdequate
safety marging

o Mo testing per
formad

0 70 is applicable '3
but improvesent 13
required - teat
anyirorment often
falls to simulate
field conditions =
resulting in linited
use of test daty

3

Elgetro-optical
visua) datection
tystons

Bocutars, perts
uogn. veticles,
11ghweight hande
operated mechdniumg

o 708 used and
effective

0 Requiremgnts based
on system level faile
ure rates and cost
reshraints

o Relfability contral
through 3unmcn|on
tests and RIN

o 786 usad with Nune
electronic Reliabilie
ty Notabook for
tpares requirementi

6 758 neads more
detall and exampity

o Used in event of
reliability pradiems
md{or catastrophi¢
fallyresy

o 781 affactively -

vied, but needs ad
test luvels for none
electronic squipment )

¢ Use B10C either
directiy or at ¢
uide for envira
4} profiles

4,

Commarcial afrcraft
tystems

Pumps, valves, actude
tors, etc,

o 788 not yeed, but
appiicable, cost
effective

o Reliabitity
requirements estabe
Vahed in terms of
yystem lavel fallure
rate, component NTOF

o Rellablitty contro)
by c¢ontinuous cone
tractor/supplier
intarface

o 788 not used

o 217, RALC, Pube
11shed Atrline Dats
rery useful for
reiiability predics
tions

o Ovarhaul/mainta-
nance considerations
wuit be included in
redlabil ity pradics
tion

0 ARP924A uted to
detect catastrophic
fatlures on a1l pros
groms

o A must for safety
criticat componenty

o Very cost effece
tive

o 78l not uted = MO §
commant on ity applie
cation 3

Hydraul i¢ equipment,
enginos

o No comment on 788
or intarnal relie-
bility progrem

0 786 not uted, not
satiafactnry

o Not porformed

o Expensive} useful
only in areas of
high risk

0 781 ysed but not ¥
agpropruu for non
alectronic equipmeniy

0 78) requires new
procedures with
distributions

v
‘\
)

[

Mititary alrcraft

Hydraulic, electeis
cal and mechanical
components

o 785 uved and cost
affective

o Mission models de-
mord to astablish
MEHBF raquirements
and 1ystem level
fallure rates

o Rediability control
through qualiftcation
testy, RIW and reltae
b1ty growth monie
toring

o 756 used but not
vatisfactory

o Reliability predic~
tions useful for
nission reVated funce
tional equipmant

0 1M ang AF-46 data
vied but needs wuch
sanitizing end wany
stsumptions to ute

o information base

o Parformed for
Yoytstics aupport
analysis in dccords
anca with 1629

o Relation of stress
factors to fallure
rates not usually
avaiieble

o 701 not used and |
new procedures
required-favory TAM
approach in testd
progrem
o Bayasian tecthni
uted to dateraing
test times whan un\
wall sample vizes
avatlable

l.

J
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PAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

| JEST PROGAMY |
o Vye 701C since it
{ncludes methods for
test and relfabitity
andlysiy

o Budget restricts
sole tize/test time

| ACCELERATED TESTING |
o Mo procedures used-
not very effactive

"
o TAAF using CERT

used to enture relta-
bi1ity requirements
being met

o No interns) part
selection procedures

FAILURE :M'E

o Constant failure
rate assumad for MYOF
calculation

ANALYSTS/TEST/FIELD-

o Carrelation betwaen
analyses and field
results very poor and
pradiction resuits
ususlly dicarded be-
caute mathods for
reliabi ity analysis
poor

o Correlation between
reliability predics
tion and tast results
poor

NISCOLLANIOUS

r hybrid syvtem
8 ) o for come
pletely ronslectirens
ic & pow test mathodt

1s requived

. ut

"

neh

{2ae
t

0 No testing pers
formad

o 78\ iy applicable
but improvement 13
required « teit
anviranment often
fails to vimulate
fleld conditions
resuiting in limited
ute of test date

o Uffective for firat
drticle tenting, at
tystem and component
Teval

o Monitors to ensure
reQuirements are mat
for matured equipment

o Oapends on equip-
mant under test

o Analysis results
inaccurate due to
Yack of maaningful
date base

o Correlation bytwewn
prediction and test
poor due to different
environmenty

o Test environment
failed to simulate
certain figld condis
tions

0 7B) effectively

uied, but needs added
tesk levels for nons
elactronic oquipment

0 Use U10C either
directly or at a
quide for environmens
tal profiies

¢ Not used

u ho reliability
growth program

o No internal parts
selection procadures

o Constant failure
rate Assumed

o Analyses rasuity
are conservative with
respact to flald per-
formance 31

o Fleld problems
caused by inedequite
training of operator
and matntenance
personne)

o 785 provides uni«
form criterts « I
more nonelectronic
fallure datd were
avatiable 14 would
have wider utage

o Standardization of
nonalectronic compos
nants would be very
helpfu?

Iﬁm.c-

!
{
)
[
;
i

o 74! not used - no
comment on ity appli.
tation

o No procedures useds
not very affective

o Initial & mature
MIBF specified and
monitored

u Very important to
monitor in early
developmant phate

o Interns! standard
parts catalogue used

o Tallored to dppli-
cation, usually
Welbul

o Close correletion
of prediction to
field rasulty in
commare 1al airptane
busingss becdute
actua) experience
data can he used

ot e . el S i i st S5 R

[

8 uieful
4 of

v 781 uvsed but rot
lgproprlltl for non-
elacironic equipmenty

0 78] requires new
procedures with added
distributiony

o No procedurat used
byt mu{ he cost
effoctive at systen
level

o Can be very offece
tive but must be
separately funded to
work

o TAAF uted
0 Requirements speci-
fled based on two

yodrs from inftial
finging

o Constant failure
rate astumed indis-
ceiminately; need
more distribution
anatysis

o Prediction analyais
optimistic with
respect to field
performance due to
human error

o 781 not uved and
few procedures
required<favors TAAF
pprodch in testing
progrem

o Bayesian techniques
uted to determing
test times when oniy
wal) vample siges
aviilaple

o No procedures used;
hay unly limited
axparience

o Use*u! during
devalopment programy
to predict progresa
towardy requiremanta
and fearibilivy of
requirements

0 Quatification
testy important for
uncovaring failure
modes with hl,h
probability o
occurrence

o Spece must be
detailed and quanti-
fied in terms o
designer ran under-
stand and measure

AT oS TS At 3o i T as r a it "




B SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELI
{ RESPONSE | MANAGEMENY !
B 00 TN _SONPOMINTS PAOAN PAEDICTION DA RS Mwvsls |
) h 1 Alrcraft structures, Hmurny materials o 788 used and 0 788 used, but not jo 1629 uted 'y Uu{u for com= |0
v construction equip~ Jsalection of struct- Japplicable = cost satisfactory o FMEA'S cost affec. [POMents t
A erﬂm implants  |ferrous and none systen dependent closent cosputer  |%°
B ferrous o Parformance rys program uted .
: . quiremants used to
& sttablished system
L level faflire ratesy
?‘ rel{ability controt
! by qualification
tests, RIW and growth ;
L wonitoring .
\ 8 . A::s:l:: mtm.‘ M‘lumt‘:. ol:c\r!- 0 788 not uted o 786 not used :‘\n” m-th‘mort [ h:m:i:\ :hon [
v airtie nty (ed and Qs all indenture meaningfy [ ¢
N i contrel poar " [doub componants of Ryl PR Tevels Af done at  [oressure viusely,  |red
: atrceaft equipmant 40 "Achtevesent of  |sffactivaness of [correct time undercarrisges, ete, jre
: Reliability and Maine[prediction effort o
! tainabil ity W ut essent{a)
\ o Raquiremants based [o UK data bages by
: on misgion succets  (normally used W
: probiability g
. o incantives used in
: verifying relfabitity
! % Heavy machinary, Turbines gwl. highjo 788 app)icable o Internal proceduras|o Applicable to o Uned on critica) v
: “h‘i‘:m. M‘:»- weed pr‘n o, e, \‘md gs guid: . ‘n- used tubsystem, system n:ucwul compons b
ances, computer trndl procedures 1, fhahouse fadture [0 Best fur new prow |EY
Rardwire, ate, used rate deta bank uted [duets and 1n event of °
catastrophic failures |;
' [}
. 0
by
"
10, Fightor aircraft Iu‘m. mnitions, o Mo comment on 785 o No uomment un 788 |2 VitAl to ROM methad|o Vary important to |o
i tyetens and support equipe  Jor internsl relias o Pradictions av of determining foad armg cuoms 1]
: mnt bitity progrem retuired for d “ s{m-nlunn mgu- [oonents particulariy|al
M:‘l'n;.ln\::n’o:h tion requirevents  |where redundancy fs }an
intervals and Maine not potsihle n |
tenance plany f
o DIfficult for non- "
electronic parts he-
cause un{ ire
spacificelly designed
and non=standardi red
I, !tht‘u:\!m tarve |Servos ?‘7:?‘?:\ u'ud‘- re= |0 786 satisfactory |0 ARP.D26 used o 217 used [
Mechintem » requires 1o predictions give  |o Very affectives [0 Very offective to |!
nm of ﬁ‘,’.}",‘:ﬂ N Lippronimate MTBF for [pinpoints vafety dutact piece - party :z
Accentance eyt ush 48 yardstich to jcritical aspects not properly derated N
MRASUTE Propossls aarly in design In design b
, o Tyt results used stepe (3
' Lo Jatermina correce i
tiva gctiun
: 1y
!
1 8 Nuciear power ptant |Valvas, pumpts, piping|o 785 effective, but |o 788 not satisfac- [o Use in-house FMECA 0
Lystems uted 43 & reference |tory and new proced- |which iy quitable far p
onlyt in-house stan- Jures need Lo be anatyzing ninelecs ‘
deedy utt)ired duveloped tronic yystems y
. 1 o Numerics! rulla- |0 Predictions cost )\
e I bility requiraments Jeffective but methe's X
A ’nal‘a mwo: ;h: stem[nend improvement !
evel; relial :
|0 In-house data vied
P auiffea: ! pradict fons

19 s 9pn s,
TR
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Useful for com-
ponents

§t ¥818

§ NASTRAN finite

Voment computer
rogram used

o Mechanical opera-
tional environment

test program

VEST_PROORAN

astab)ished for each

o System dependent;
affective for many
missile systems

o Sait spray and
overstress tests to
deterning fatigue
characteristics

ACCELERATED TESTING

RELIABILITY GROWTH

NAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

PARTS SELEZTION

FAILURE RATE
DISTR]SUTION

ANLYSIS/TEST/RLELD-
RELATION

o Gausslan, Welbull,
1og normal used for
evaluating test
resuits

MISEILLANEOLS L

g =N by

Bretsure vessels

b Easentia) whare

aningrul, 1.e,

pndercarriages, ete,

8

o 78) used, new pro-
cadures to include
related sof twure
required

o A factor of 2+)
aopiied to test

field relfabitity

retults in eatimating

o Could be cost
effective (f proven
methods uxisted

for componanty

o Very cost vffective

0 Duane mode) ansumed

o fonstant and rorwa
fatlure cate assumed

Yo Pradiction andlysis
1o Tield redulta dre
optimtstic by

1,881

© Reltability snaly-
11s to tett resuity
are optimistic by 21)

0 Re)tability testing
to finld resultt are
optimistic by 2

o Past axparience .
and improved tech-
ﬂ°1°n€ detyrmine

rel{ahtltty require-] . B
ments

i

Used on gritical

tructurs! compon-

te

0 781 not used - tne
house testing stary.
ard uved

o Start in oarl{
stages for grastest
effect ivenats

by tampling usad to
enturd rellabitity
reguirements are met

0 Quatification tests

to piroducs by fne
house standards

o Performed according

o Yarget atieb)ished
for each year after

by tleld service

development | measuied

o Used for hal}
b:nrinqt. prings,
ote,

o Do not assume 20ne
stant failure ruto{
contidering Wetbul

d Yor small.sample
si2e use marginal
analysis for agprou-
imate distribution

of 1ife

o Oifficult to make
common conclugions

o 78) should consid.
or ingact of assenhe
bly and positional
ndiu|tm¢nt. UL
adJusting scrow

o Corrglaticn/refors R
ence of field data
naeded in 756

o Reliability pros
groms must be indi«
vidually tallored

b

ﬁ

Very important to

0ad haaring com-
nents partlevlarly
here redundiney iy

t possiole

o DIEE, Otet, SELS
used Lo ensure relis
Ibll!!{ roquirements
ard m

o Tests structurnd
fur performence;
reliabithiy usually
plggyhack

o Important for coms
ponents subject to
wear out

o Effective at tota)
syatem level only

o Rellability tests
ing {8 hardwara ori-
ented whereas fleld
loerformance ty in-
fluenced by perasonne!
trainim, support
nﬁui:nont. L1

which changes outcome

0 Rc\!ab!lit{
approach fs the same
for nonelectranicy
and electronics i
system leve)

o Reliability pro-
gramy nevd more
emphasts on lagis.
tics suppurt

{3
1

21?2 uted

Var{ effoctive to
tect place - party
t proparty derated
denign

0 78) used
ancupt~roject cri-
toria but not applt.
cable - npw proced.
ures reguired

o Mualification test.
Ing performud to
daterming recyrring
fatlyres for corrdc.
tivae action

tor faliurg modes
only

o Parfarmod to search

o Effective for pine
painting improperly
derated pice-parts

0 MTHF growth curvey
part of contractual
requirementsy

o Company standards
book

o Constant faflure
rate assumed

o Fleld MTBF 60X of
predictad

o 78) used whan
pospible, otherwlise
testy sedrch for
failure modes

o Hendbook posaible
on spacific system
basts only

o 81 not ysed - new
proceduros rogquired

o Use {n-house
standards

o Field performance

fallure data used to
maintain reliabidity
growth

o Not enough fiald
service time for
comparison
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RESPONSE
£008

B R

SYSTIN

COMPONENTS

BT e TAR AR

SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIAS |

HANAGENENT
PO

S INTRAVG

c et R R R A R TR T R R M T AU AT 6 R T

PREPICTION

A

STACSS MNALYSIS

e e et

Amorad vehicles,
antistank guided
missiles, artillery

o 785 not vied byt
applivable - analpsts
ohly, no r|1!lb|lf!y
programs devaioped

0 Distinguivhes bes
tween reltiabtiity &

t effacts mission .
and logtatics An
tystem simulation
mode |

o Reliabi1ity values
are furnished by con-
tractor for use ie

oparations) vesedrch

-[type anatysis

Mt Second 3!0{0.
Podaris, Minuteman

Notzle, flex de4),
thrust vector jotuas
tor, ate,

0 785 often used but
heads tatloring ’o
defete “alectranfca®
requ i rements

o Systen Jovel faile
ure rated watablished
for contractus!
requirements

o Flight reliapility
verified bavad on-

ommncm' tnry
eribical faltures

o 756 not used a8
contract requiremnnt

o Stress/strength
catculationg, design
margin requirements
and niginearing estie
nates used for pres
dictions

0 Uted: to interfane
rel{abil(ty with .
detign for aar)
problen tdantifica
tion, later used to
quantify fallure
modet

' 18,

Tratlers for Ground
Launched Cruise
Misad e

Tratlers14tt actustor

o 785 not used but
applicable

0 Requiremants basad
on migaion duccess
zvobAb!lIQy by dparas
{onal anviroiment
and maintainaditisy
requiremants

o 768 not satisface
tory = {mplies eipo-
nantiad distribution

Mounting trays, avie
onicy racks, housing
and nond 1ectronic
components of avions
1¢3 unity

o Normally has reliae
bility guarsntaes
which impose free
convignmunt spares,
"no cost" redetign
and retrafit untti
guaranter is mot

0 MIL«ST0<785 not.
used

0 Priur praduct data
in }cmc op:r:tlonal
environment is r
the best w\n'v:»'hx ~t

o Used on safety
aritical somponents
par ARP924

Sotid fuel propulsion
system, Jraphite
cwoﬂto structures

Rockat motor parts,
intulators, nodtles,
tgniters, esc,

o Numarics) require-
manty based on migs-
100 fuccuss proba-
bility by oparationa
enyiransant and pro-
duction procexsss)
relisai ity contro)
by gualificetion test
and rollnbll!tr
grawth monitoring
with facentives

0 MIL-L10-788 not
yied

0 756 not used

¢ Pradiction 1% exe
collunt auankitetive
audit of enyineering
design

¢ Detatlud probabil.
f5tic andlyses pere

[fuemad to aveluate

predicted reliability

o lnterna! procedurys
used

o Uted for predice
tiong

o Fintte element
andlysis performad
at part level

o Tentp:
varity W
charact
relfadl
peefe

Nissile control
aystems

Mtuators, gyroy

6 785 not used but
appliceble and coat
affackive

o Requivemanty based
on mission syccess
robabitity; relia-
ll!lx control by
quatificetion tnst
and rcl!nblli\(
growth monitoring

o 756 satisfactory
but pradictions have
minimal ef fortivaness

o Not cost effective
at any level but used
in wvery dtsixn
sffort per 1629

o 78) ng
appropry}

66
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ACCEVERATED TESTING

| PARTS SELRCTION o DISTRIBUTION

ANAQTSIS/TESl‘FIELD-

0 Analysis retults
are usually optimig.
tic n comparison to
test and find
resulty

st

HISCELLAQEOUS

o tn-house standirds
used in ligu of 781

o Temnerature
nlormes d

o Use standerds
manual per AFR 73\
and SAMSO

¢ Used to monitor
religbility progress
and tdentify probiem

o Insutficient data

in standeby opera-

%%onu\ mode of mizg-
“

o Handbaok should
provide ousf way to
tallor requirements
and documents

o Matrix should be
developed to identi-
fy requirements
voraus program phase

Bl

-

0 781 needs improves
nt

[} Accepl/rn{ect 4B
terig eatibirind
por i

o Test revylty
reduced vy & factor
of 157 Lo predict
opargtional relia.
billty

T T e e 1

reltabi ity reports
from usars {(Afritnes)

o Reliability compo-
nants engineering and
machanical enyineers
ing maintatn a none

aloctronics anproved
vendors parts 1isting

o After approximately
3 years of agressive
re{lability growth
analytical reguits
are wxceeded 1n
service by 20-5M

o Tests performod to
varify no wearout
charecleristicy « no
retiability tests
purformod

o Uspd whory tests
are yery costly as
with rocket motars
per internal proced-
ures

o {ntornsl standard» jo Binomial used for
{2¢d parts program tasting “oneeghot”
devices

small for comparison

o Number of tests too|a Government direc-

tivay Just generate
"paper work® for
reporting purposes

o Sufficiant infor-
mation from in<houte
dats for reliability
analysis « no hand-
book needed

o 781 not uted, not
appropriate

o None performed

o Sufficient infor-
mation does not
oxist for relisbili-
‘f snalysis for nohe
electronic designg
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RESPONS®
G00E

SYSTEm

COMPONENTS

LTI O R A A T

R LR (L P

SUMMARY OF RESPONSE TO QUESTIONNAIRE ON !

MANAGEMENT
PROGRAM

PREDICTION

FMEA

19,

Ground jammer radar
tgttun. modular
threat emitter radar
system

Servomotors, air
conditiondrs,
blowars, gear trains

o 786 used and effec~
tive depending on
application

0 Numerical require-
ments specified in
termy of system lavel
failure =ate and
mission success
probabitity; relia~
bility control by
qualification test

o 756 used

o Useful at compnnant
to system level on a
parts count basis and
application environ=
ment

0 Not performed

o Cost effective from
1ine replacesble unit
to system levcl

o Plece part FMEA
useful for critical
argas

o Parformed per 217

o May not be cost
effective for non-
electronic designs

stagss ammuysis_ | -

N

20.

Battle tanks, ?onor-
ator sets, fus
systems

Pumps and other com
ponents cunstituting
raferenced syctoms

o 785 applicable and
cost effective

o Numerica) requiree
ments specified in
terms of system level
failure rate and
mission succass
probability; contro)
by qualification
tests and RIN with
incentives

0 756 not satisfac-
tory

0 Pradictions used
for 1ife cycle and
fogistics support
costs and spares
requirements

i PSSt

2N

Earthmoving and con=
struction equipment

0 785 not used, no
comment on applica-
tion

o Reliability rea-
quirements specified
in tarms of system
Teve! failure rate;
rei{ability control
by growth monitoring

22,

Radar systews, dise
plays, commun‘cution
systems

Antannas, pedestals,
motors, gyros,
brushes, etc.

© 785 not used - not
agp\icablo for none
electronic aquipment
; ;1octronlc1 oriens
(]

o Numerica! require-
ments specified in
tems of system level
fatlure rate and mise
tion success proba-
bility; reliability
control by gqualifice-
tion Lest

0 756 not usaful

o Corporate fleld
data used for predic-
tion

o Not performed

i

or
re

ty

Structures, pneumat-
fcs, hydraulics,
mechanismg

Metatli¢ and compoe
site structures,
valves, drivje s ue
tems, reguletors,
ete,

0 785 applicable and
cost effective but
not used

¢ Numerical require-
ments specified in
terms of systam level
failure rate

o Analyses and tests
used to demonstrate
relfabitity fur small
quant ity programs

o Guug for qualita-
tiva recision when
evatuating concepts
or performing tr ade-
offs

a Excellent to compo«
nent level

n Perforned on every
major design eftort
to support system
safety in accordance
with ARR-926

¢4,

Ground Yaunched
cruise missile

Launch control center

o 785 used sparingly,
neads considerable
modification

o Requirements based
mainly on availabil.
fty and dorman.y

o Monay spent on re-
11abi11ty programs
depends upon NQ preg-
sur¢ or when things
fall apart

0 756 unsatisfactory

o Should be integro-
ted with system safe-
ty program and LSA
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..

STRESS ANALYSIS

TEST _FROGRAN

ACCELERATED TESTING

RELIABILITY GROMTH

leONNAlRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

PARTS SELECTION

FAILURE RATE
DISTRIBUTION

ANALYSIS/TEST/FIELD-
USE_CORRELATIONS

o Parformed per 217

0 May not be cost
effective for nan-
electronic desians

o 781C used and
appropriate - needs
improvement

o Individual opera-
tional and environ-
ment profiles devel-
oped based or unique
operation scenario

o Not performad

o May not be cost
effective

o Not performed

o May not be cost
effective

n Constant failure
rate astumed

MISCELLANEQUS
_CONMENTS

o Analysic to fleld
data optimistic by

¢

o High risk/short
time test plans por
781 used for small
sample sizes

sizes - ask for al)
sampies possible
within budget
restraints

h

v

% o 781 used 0 MIL-STO-%5 used
i\ o For small sample

o Full scale testing
performed to deter-
mine fatigue life

o lised to unsure
requirements are met

if first nroduction
mschine has raazon-
able reliability

0 Needed to devernine

o Good it field
stressas and cycles
are accurately

def ined

o Fina) relishility
vovement occurs
after fletd datn
collected and
corrective action
taken

e Sy o 1 U oratad

i e T ST

o« mtorma th ot e

o 78} used but not
appropriate for non-
electronic equipmant
« now fechdnically
orfanted procedures
required

o Test rezults used

Ly growth

not usied

to monfter rellabilis

0 781 appropriate but

0 Accelerated tempers
ature tests performed

o In-house standard-
120d mechunicel parts
Hating

o Constant faflure
rate assume

0 Reasonable Field
correlation dependent
on sophistication and
tratning of nperating
parsonnel

0 Has not seen any
nonelectronic pro-
grams requiring
reliability engt-
neering activities

o N0y and spectfi-
cations differ-good
review for Govern-
ment /Industry panel

qrams budyeted by
percent of project
cost

o DID's ot exceilent
valus

S ey

o ¢ not appropris
ate-necd now documint
with normal and

o Specified environ-
ment and catimate of
service use profile
developed

Welbull distributions

o Used for system and
major subsystems and
selected components

o Interns) procedures
used

o Significant lack of
standardization

o Insufficient field
usage data available
to correlate results

ramy not as well
ntegrated into
overall picture as
they should he

o Relfability pro-

o Reliability pro-

o ol g

e

il

B

"
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CHPUNENTS

T LA i,

MANMGEMENT |

RESPONSE
[
.

Tanks, dtrcreft,
trucks

Guns, miksiles, atc,

0 785 not used

o Muserical nauin.
sents spacified {n
Lemy of systee lev)
fatluew rite ad
migsinn succass
probeb1)ity

_PREDICTION
b

PRV R i s e T,

man ey |

wayd S
approve:
ngdc -

26,

Sonobuoys

Pneumatically
activated flotation
squipment

o Various e¢lements
of 785 taflored to
tpecific nead

o Test results used
for rediability
{mprovament purposes.
« main theust of
reliability program
is contribution to
design effort

o 756 ton old and
provides no date

o Pradictions are
2 good reliability
mon'tor of design
svolution

o Non-elnctronic
spects of elactronic
system are usually @
sma)) contribution to
total failure rite

o Performed per 1429

o Practical only for
systems

0 Rellance on engi-
ncur!n‘ analysis
of yield strength
mrging and safety

b Al 8
terminate
design
pensate-f
statistigi
tainty of
11111 .

1A

Persona} computers

Keyboards, flopp
dt{g driv:s. win!
chester disk drives

o 785 applicable but
not used « gimilar
interndl procedures
used

o Reltability re-
quirementy driven by
compal {Live products
and customer service
nasds} r!litb!lit{
contro} by quaiifice-
tion test and growth
monitoring

o 736 not used

o In-house datd pro-
vides greatast
utility

O Field failure rete
predicted to be 241
over laboratory
tasts

o Not performed

o 78] uw
modified |
rules-ing
ceduras §
o Tuste b
pectud T
usage of .
o 78) neq
cgpropriq
plans

e

28,

Radar structures,
areraft structurs?
wdifications for
tlectronic equipient

o 788 used but onl{
partially appiicable

o Numarical require-
ment specified in

terma of system level
failure rate and

mission success prodbe
abilitys valisbility
contral by qualificys
tion test

o 756 used, byt not
satisfactory for
nonlectronic equipe
nent

appropr{
nanelect
ment

o usz

)

9.

Afrcraft towbars

3tructural portions
of ?ire contro) pads

o 785 not ysed but
upp)icable

0 Reliability program
requiramants uepen.
on the progrem and
what type of incen-
tivas dictated by
reliability angineer

o 756 used, applica-
ble

o Fleld fatlure rats
prodicted to be
4-7:1 over Yabora-
tory tests

0 Performed on most
programs

o Produg
cation &
ansure |
HabiY
WIL G
o For
781 ne
fatlure!
bution

o For wl
szes

30,

Alr¢raft control
tystems

o 785 not used - no
commant on 1ts
wpplication

0 tiumertca) reauire-
ments specified in
terms of system Yevel
failure rate and
safety factors \

o Predittion bavad
mainly on service
reports

o Performad in avent
of unexpacted cata-
stropic failure and
when vequired by
contrest

nfi
o 781
0 Operay

LN 13 L RR s i)
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JTIONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

E Y$1$

A TesT RAM |

o Fixed length test
plans used for smal)
sample tizes

6 Hardware items
always testad to an
approved operational
mode

o Basic guidance per
AR 702-3

[RAT \

r"&l&&ﬂ!ﬂ_

TION

FAILURE RATE
DISTRIBUTION

ANALYS1S/TEST/FIELOD-
RELAT

o Constant fallure
rate assumed

3
]
NISCELLANEOUS

0 Test results in- -
lude usage of re=
placement parts,
sgoc1ul £0018, MaNUs
als and maint. time

for cost of owner~ .
ship predictions .

o Operator/saintain

ar error Needs more:
investigation=often.
escataten cost of 7
omnershp "3

0 Re'iance on engi-
ncorin? analysis

of yield strpnath
marging and safety

o 781 used but em-
phasis placed an
product {mprovement
rather than statiste
fes

o A1l sample tests
terminater - over -
design used to com-
punsite for the
statistical uncers
tainty of sampling
111141

o Performed only
when normal usage/
testing faiis to
precipitate Fallures

o Too many humin
varishles 1n the re-
cording of failures
(relevancy, account-
ability and other
extenuating circums
stances) to achieve
worthwhile data or
any kind of correla=
tion

o Quatifisation
testing pood for
important “rirst
Alert® of trouble
and should be recog:
nized as such '

0 Mission/logistics
roltlb!11t¥ often
contractuslly res
quired with 11ttie

guidance .

Vi

¢ /81 usad with
moudifiad procedures/
rules«internal pro~
cedures used

o Te(ts based on exs
pected customer
usage nf equipment

o 781 needs more
appropriste Lest
plans

o Used for printer
products at compo-
nent level

o Implemented by
components engineer
ing group

o Congtant failure
rate assuned only
because nonelectron.
16 equipmant tested
18 part of primarily
electronic system

o Held reports are
too contradictory to
to drav conclusions

o Ret{ability 81l0s
catud by ¥ of tote!
budget to satisfy
the nead to be
competitive

o 7or usad byt not
appropriate for
nonelectronic equip-
ment

v Not performed

0 MIL=STD=988 ugad

o Assumad distribu-
tion depends on type
of test and squip-
ment design

o Analysis to field
retults optimistic
by 2=511

o Test resylty to
fiald results opti-
mistic by 2.4

o Production verifi-
cation testing to
ansure inharent re«
Iability per 281C
XVIIL € performed

o Far nonelectronics,
781 needs rayvised
failure rate distri-
but fun

o For small sampie
sizes Chi-square 50%

P s - conf idence used

o 781 not used

o Operational/envi-
ronmental profiles

o Perform fatigue
and endurance tests

o Fatigus tast re-
sults, 1.0, crack
initiation and

o Procedures used
for hi?h1y strer ind
and critical parts

o Testing grocodures
assume Neibull, Yog
normal, norma)

o Andlysis to fiq\d
rasults correlation
poor due to unpre-

dicted failure medes

rowth rates, re-
estavlished ?Iuctod in tnspecs or nenracegnition of
tion program dependence
i . kT
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RESPONSE
cooe

SYSTEN

COMPONENTS

SUMMARY OF RESPONSE TO QUESTIONNAIRE ON3

MANAGEMENT
PROGAAN

_PREDICTION

n,

Guns, tanks, earth
noving equipment

Engines, transmiss-
{ons, gun tubes,
Pumps

extensive modifica-
tion - different

qualification tests
geared towdrds none

ments in Serms of

rates and mission
success probability

v 788 used but needs

elactronic equipment
o Numerical require-

system level failure

el B e bRt o B TV

FMEA

et

v,

;

H) /ANALYS

o 758 unsatisfactory

o Governmant data
banks useful tu
agrae upon cortracte
ya) requirements but
necd improvement

o Performed whare

contract

known problems axist
or {f veguirad under

stress one ugor
vource of pro

toms 4
:\ -

N

I
!

o Effective - overd)

1[’

Alrfreme bearings

o Not {nvoived with
nllnMHt{ progrem
requiraments

0 3-M and fHight
test data used

k: N

Propulsion systems,
kinetic enerqy
tystens

Mcelaromsters,
notors, gedrs
l?ﬂng! bur%noc.
f yulmh

o Numerical require-
mants specified in
tarms of system leve
fallure rates and
safoty

0 785 not used but
applicable

o 756 used, satis-
, factory

0 Performed in
accordance with 1629

o Effective for
critical partt only

0 NASTRAN analysis
usud

Clectromechanical
productton line
squipment

Miscellaneous eluc-
tromechanical compoe
nents and aming/
fuzing devices

o 785 used, applice
able

o Requirements
establishad in terms
of mission succass
probabiiity; valla-
onn{ control by
growth monitoring

o 78K unsatisfactory

o Performed only if
contractually
required

6 Probabdtistic
stresi/atrength
techniques vsed

Atuators, gesr

holsts, winches

boxes, tramgmissions,

¢ 785 not used but
spplicable

o Numerica! require-
mants specified in

fuilure rates and
safety; reliability
controi by growth
monttoring

terms of system level

0 756 used for quali-
tative prediction

o Predictions may be
cost effective depen-
ding on accuracy/

detad) of prediction

o Performed {f re-
quired by contract
according to 1629 or
other specified
documen

o NASTRAN analysis
used .

Helicoptars, weapon
subsystems, rotor
subsystems

o 785 not used « use
tallored specifica-
tions to satisfy
mission need: of
major components

[} Regutrmnts/qoan
based mainly on sys-
Lem MTBR and safety

0 785 not applicable
to development pro-
grams

0 Ab:olumg nanded
and gshould be used
throughout develop~
Tcnt and into field-
nq
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"| sTRESS awALYSIS

TEST PROGRAN

“|o Ertective - over-
L |stress one major
clsource of problams

o 781 used

o Qualification
\Qstﬂn% needad -
otherwiy

is 4 guess

v retiability

0 Not effective

ACCELERATED TESTING | RELIABILITY GROWTH

IONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

o Started out as
timglo managemant
too)-has bacume too
mathematically com-
lex-should return
o Adam and Eve stage

| __PARTS SELECTION

Left up to derign-
rs :

FAILURE RATE
STRIBUTION

o Constant failure
rate assumed usually

ANALYSIS/TEST/FIELD-
SE CORRELATJONS -

o Wide disparsion
between analyses,
18b tests and field
performance - 1ab
tests are “worst
case” and fiald use
reflacts inadequate
training

MISCELLANEOUS
COMMENTS

i e 1. i

2+ Redability re-

quirements usually
area & compromise bee|-
twaen customer wants|’
and state of the art

to include environ-
ment; based on past
experience

o Laboratory tests
used to guide selec-
tion of parts for
best performance

o Test plans tailored

o Weibull or normal

sizes of ot least 6

&y
i
0 Prafer sample !,
to obtain 810 Vife |

o Effective for
critical parts only

o NASTRAN analysis
used

hdrptams

TAAF yrowth test

o 781 not appropriate
~ now procedures need

o Will be getting
mora use and become
cost effuctive as
experience {s gained

¢ Constant faflure
rate assumed

ilo Probabillstic
.|stress/strength
“1techniques used

D NASTRAN analy

ot eer}
sis

o 78! not used

a Actupt/reject cri-
teria astablished
from FMECA

o Ral{abiVity growth
monitorad by testing

o Constant faflure
rate assumed

o Pradiction opti-
mistic over test and
field resuits « tests
provide a pessimistic
stsessmant of opers-
tional experiences

v 78! used, applic-
able, but needs
improvemant - elimie
nate burn=in, tymper-
ature cycling and
vther electronic
tasting techniques

o May precipitate
failures that would
never occur {n normal
sarvice

0 Overspeed/over-
torgue tests per-
farmed

0 Reliability growth
monitored by Ouane
prloty

o Constant failure
rate atsumed

0 Use Chixsquare
distribution to
establish quantita-
tive rel{abitity

o Figld MTBF exceeded
prediction and teut
results

o 781 used but cons
sidered unsatisfac-
tory for nonelec-
tronic equipment

o 781 should define
the techniques and
methods to relate
predicttons to each
other

0 Procodures don!gnod
by contractors no
well enough defined
but considered sbso-
Tutely necessary

o Not peformed

o Diffisuit to
measure because of
numerous design
changes after first
production run

o Constant fallure
rate assumed

o Field resulty much
worse than predicted

pE—'y
o Trying to inte-
qrate retiability
pru?rnm as part of
design team effort

o Better Dul} contro)
of field retiability
data (s required

0 Need & detailed

study of weight re.
duction effects on
system reliability

IR I WA T AT Y iy
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RE {,

o 78 N
o Testy
{dant
pradic
tions

o Rell
ing us
dn‘?l\
predicty
i¢ prog
perfo '

o Fleld)
is the |
to testd
thatr
form

o Age

teria W
conf { rek
estabii

b
|
! RESPORSE - MANAGENENT
| £oe SYSTEN. SOPONENTS PROGAM PREDICTION A STALSS AWALYSIS
': n. Proumatic system Cylinders, valves 0 703 not applicable Jo 786 unsatisfactory-jo Net performed
! to fluid ri use |[interna) procedures
| ANSI and NPPA methoda|used
! o Total system relte.
‘ bidity, safety and
rapairability sprei=
fied for devalopment
program; reliability
control by qualificas
tion test and RIW
3. Radar system pedes= |Motors, valves, pear [o 785 not used, not [0 766 unsatisfactory o Parformed per 1629 [0 Designers perform
tals, reflectors trains, baarings, applicable o Inadeguate date in avent of unexpec- |a computerized
water cooters, air  |gyrot, gauges 0 Numerica) requires avomb?c for effece ;o?‘emurcphlc strets anslysis
conditioners mants mmug in [tive prediction Atlune o Yery effective as
terms of systen level o Effective on any |a design and reliae
fatlure rate and mise type squipment bitity too) but res
s1on guccess probae 11abi1ity know how
bility; reliability 13 not alwiys avalle
control by qualifice- able
tion test and growth
monitoring
». S014d rocket motors 0 785 not used but (o Observed and,, o Parformed on evary |o Strength and
app)icable demonstrated reiias |design effort stress distributions
o Rettubtbiey G comied o Sompared B8 poeaten
'
requirements estab. [reQUiremen
1thed in terms of tvailable
safety and mission
succeds probabittyt
control by qualificis
tion test and growth
monitoring with
. incentives
40, [Afr Defense Nissile (Launchers, power o Reliability usuallylo Predictions usudllylo 1829 contractuatly
System rucmon. air cone {specified tn tarms  [not valis « Cava does|required
{tioners, vahicles, |of system effectives |not fit actua) opare
handling equipmant ness; retiebilie iting f1e1d condite
control by qualifica=|iens
tion test and growth
monitoring with
incentives
n 785 not used but
applicable
. 1, Automatic and manual |Thermistors, pumps, (0 1008 parts inspecs {0 Predictions are o Not performed o Metatturgical
lubrication systems gwsn mater unity, [tion used vestes only while streds testy pur-
: ydraul 1 components o Reltability specis omng results are fon::d on &11 metal
fiad {n terms of wecific par
4 system tevel failure |0 1/2 laboratory
ratet reliability Mfe results uted to
! control by RIW sttimate field oper-
) ational reliabidity
a2, o Powsr generation, |Generators, turbines, o Developed own 0 756 not used but |0 Pertormed under

transmission and
distribytion aquips
went and systems

boilers, pumps,
motors, etc,

relfabtiity stand-
ards based on 788

o Reliability spaci=
flied in terms of
system leval fallure
rate; reliadility
sontrol by RiW amd
penaltius for reduced
re)fability

satisfactory

o Pradictions are
very cost effective
ot comporent level

o lEEE Project 800 {8
most npgllcm. for
rellability predicts
fom

o Fault trees are

,ood pradictors of
{81d parformanc

contract per 1629

can be used in many
ways

o Vary tost effective
since anaysis resuits




WSS AW SIS

TEST PROGRAM

ACCELERATED TESY]NG

¢ P01 st applicabla
to awmelactronic
cquizaent ewpecially
N syiten Yevel

0 Increased cycle |
rate tests performed

R 1

o Product Problem
Raports program used

IRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

PARTS SELECTION

FAILURE RATE
T* N

ANALYSIS/TEST/P LELOD-

cw e ey

MISCELLANEOUS

o MiVitary standards
sre often writien on
1tons thay should
not and n an une
necessarily restrics
tive manner

Netguars periprm
eriped
v analysty

o Y81 used but not
aplicadle

o Not rr(omd .
validity of teche
nigues uncertain and
not fully provan

o Duane mode) used
to incorporate test
resyits into revised
yrowth projection

eftestive a1
ige and relia. o Whan tied in with
Bty too) bt ree a testenalyzesfia
11ty Aaom Nw program 1t could be

et a\n_n e

R

effactive

o PPSL *DISC* con=
trolled parts

o Constant fatlure
rate assumed for
slectrontc equipment

o Insufficiont field
service data for
nonetectronic {tems

tade ALV
$ digtribetiong

Pared at 1iwest

Bt wnich mas ata
Tadle

@ Suttess/failure
dats evaluated by
s e Tikelthoad
Computer program

o Good on lower ine
denture levels « may
be mislaading on
upper levels

o Tests parformed at
wlevated temparatures

o Requiremants spact-
fiad by customer

o Aysumption of cone
stant  fatlure rate
tested statistically
in mn? and accelers
ated aging tests

o Analysis/test/fiad
ule reRults a1 show
gond corralation

o Probabiiiatie
stress/strength
anatysis 18 the most
effective mathod to
astimpte reliability
«shuuld receive more
nhasis

o 781 not appiicable

o Tests uaudlly
fdentify errgry in
prediction Mgump.
tiany

o Relrabilaty testa
Yng ysed to influence
destgn nok field
Pregrciiony = periude
1 production Lesty
pertyrmed

o Perform overstress,
step=strass and test-
to-failure for cri-
tical hardware

o Growth {4 tracked
but not usually valid
for prediction

o Thrashold values
at specified progrem
raviaw points
establisned

o Constant failure
rate assumed

o Corralations have
not baen good - can
be very misimding

Rallurgical
RS testy per.
ed on all metal
ks

o Figld performance
i3 the onty method
t0 test products and
their ability to pyre
form

0 Accept/reject <ri-
teria based on 94y
confimation to
establ . yhed standardy

o Increased cycle
times test performed
only to prove dura-
uility

o Growth requirements
specified and meas-
ured by comparison
to previous models
t;ndor oxact condit-
ong

o Constant fallure
rate assumed

o Only the govern-
ment genarstes its
own terms end spect-
fications whith tend
to by excessive end
costly

0 Manufacturers
should be required
to tpcc"{ eyuiprent
reliability and then
ba responsible
through warranty

progean

o 781 not applicable
o new procedures
required

o No accelereted
tosLs performed «
can't always dasoci
ate stress of test
with leve) of accel-
erated 1ife

o Pradiction results
are optimistic with
respect to test
results

NN LA ) PO T R 7 X P
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ¢

MANAGEMENT
PACORA

PREDICTION

Afreraft systems and
equipment, power
plants, s{ructum

PONMATS

0 708 used as i~
fied by LSA Nq'mcn-
mants

o {nvolvament.in RCM
analysis - no relia-
b4 1{ty programs
developed

DA

AT M L

E
B

‘
3

)

o Whan 3-M data 1s
unavailable
tor predictions are
vsed

contracs

o Performed as part
of every derign
affort

LN

Solenoid and afr
opevatad directions!
e control valves

Instruventation in-~
cluded in referenced
systemi

o Developed own
mmrﬁ'

o 1008 check on alN
finithed products

o Roving inspectors
monitor machine
attembly operations

o Reidabi)ity control
by qualification test
and RIN

o Use own Tab test
resuity )

o barforeed on
componants on an
!:"‘I bagis in 1

nourdance with ing
ternal procedures . §

i
0

4.

Automobiles, trucks,
angines, pumps,
qrarboles

Shafts, gears, baar-
ings, !'soa:mi a’te,

o Reliability re-
quirements eatabe
1ighed In terms of
systen lavel failure
rite dnd mission
uceess mumm{;
raliability contro

by qualification test
and yrowth monitoring

0 78% not used, but
spplicabte

o Parformed as part
of som design
afforts or {n svest
of unexpucted catae
strophic faflure

“.

Tactical genarator
(111}

Gas turbine engines,
control systums

o 788 used; cost
sffective with care-
ful application and
Judgment

o Reliability re-
quirements estebs
Tishad In terms of
systen leve) failure
rate and migsion
success probabnn{;
retiability contro
by quatification test

o Use contractor
g commarcially
available methods
f:lc‘ bearings, geirs,
‘ *

6 Uses flnlte ole- 4
mant, themal and
machanics) analysis 2
at compomant lTevel

H

47,

Generators and other
components which
SUPPOrt communica«
tions systems

o 785 not used but
applicable

o Oparatiunal availe
0b1|1t{ requirsments
establinhed par
MR102¢3 in termy of
equipment NTOF{ re-
1Hab1 )ity contro) by
qualification test

0 758 satisfactory

o Predictions based
on gimilar types of
aquipment

o 217 uted at hlack |
box lavel

v T

40, Transit eduipment o Prodictions are

and systems

o 78% not appliceble
or used directly but
some basic tenants
can/should be conside
ered and used for all
agquipmant programs
o Reliability re-
quirements eitab-
Tished in terms of
System level failure

very depandent on
environment and
operational factors,
usually not well

def ined

0 Predictions often
derived and based on
timilar types of
oquipment

o Limited vulue -
often performed too
early or with {nude-

enviromental know.
1edge

quate operational and

: : rate, mission success
i prababitity and
] sefety

r ;s -
; e
[
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ANALYS 1S

| TEST PROGRAN |

ACCELERATED

RELIABILITY GROWTH

ONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

PARTS SELECTION

FAILURE RATE
TION

ANALYSIS/TESY/FIELD.
K CORRELATIONS

NISCELLANEOUS
COMENTS

o ILS progrems need
to be used to mini-
mise duplication

Pertormed on all
jmponents on an on-
{ng basis 1n
cordance with in=
rnal procedures

0 Uses NFPA and ANS)
standards

o Quelification testy
based on nuinbar of
cyclow parformed

o Performad on all
Assembliey « some-
times in conjunction
with Hife tests to
estabiish tife
quarantee and to
dehect potential
fallure modes

a Good correlation
batweem test results
and fie1d use

o The most effentive
method to ensure
adeyuate safaty mare
g!nn fnvolves testing
he now design and
comparing results
with previous designs

o For smal) sample
sizes accolerated

tusts are assential
and very effactive

v Normally asnume
Weibull distribution
for tasting

B Uses finite olo-
nt, themal and
Ppichanical analysin
Bt componant level

h.

o THY applicahle «
No changes required

0 Must meet dpecific
nunerical reguires
ments th quatitica-
tion tasts

o Not currently used
in progrims « proba.
bly should be

217 used at hilack
ox leve
Ll

o Accupt/reject crie
toria based on MTBF
during &0 day field
test or in accordance
with 78iC

0 YAl neads testy
other than exponen-
tial

¢

o Constant failure
rate asyumed

o Correlation between
relfability predic«
tions and test
resuits is good as
\ong a initia) pres
diction {s updated

o Difficult to oue
exact relationyhd

to increased leve

of “stress® on non-
slectronic wquipment

o Performs acceleras
ted accumulation of
duty cyclas, often
not 4t an accelerated
Teve! of strass

o “Previous Transit
Quatifiod” (i,0., o
type of QPL) being
wytablished for many
large componentt

o Correlations very
pogr - too man{ varis
ables and question.
able prediction
techniques

i

l

e wiw.'..l.'l.f Tovmsivrendby e Ve

¥ & 2eteme s iE v e

oy gk ey

o

T U .
3y TVt Sani ST bt # 135 - gt *+ =1

N

- A
1y 42 YO VTR

I B TR ERCT R R S LTS WA MR W




L T A R LT RN PR,

AW

SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIAB

NANAGEMENT

PREDICT]ON

0 785 not uped byt
applicable

o Requirements/goals
derived from .(.'.."m..
lavel of improvement
in remova) rates over
older tystems

o Reliability contro)
by growth manitoring

o Block diagrams,
a1locations and pre-
dictions used for
reliability analysis

o Maintenance opera-
tiona) adjustment

factors used for re-
Habitity prediction

.1

STAESE ANALYSIS |

o

|__rest o8
0 781 not 4§

o Ooals od
sis force
an agressd
pro!ron in g
neat goais o

£

© 785 cost effectivex
ness dependt on cost
of program and crl.
ticality of relfas
bility goals

o Reliibidity re.
quirements estab-
Yithed in terme of
MT8F and mission
sugcess probability:
rel1pBii{ty contro
by qualmmu'm teit

o 788 used, 4pplices
ble

0 Rediability ree
quirements wteb.
1ished in terms of
system, |ub|‘|tcm nd
com?onont MTBF} reli-
abi)ity control by
aysten level testing
and growth monitoring

o 786 not used « data
tources provide {ne
sdequate failure mode
ratios

o Performad in aver
dm?n effort at 2l
leveis per 1829

o 781 not
to noneled
aquipment =3
test plans §

besed on Lo
and failu

n Low effectiveneiss
prediction factors
not well understood

o Pyrformed only If
called out in cons
tract « moderate
affectiveness

0 Usad effectively
to form a basiy -
than modify and
adjust from test
experience

o 7818 vred §

0 Wear-out
in enduranciy

o 788 used but cone
sidered not applie
cthie - does not
solve unrotiable
nonelectronic equips
ment problems

0 Uses Enginenring
Practices Manual
Reltiabitity 1980

0 756 unsatisfactory
recommend RADC Notee
book and MIL.STD.XXX
Rolhbnng Stress
Anatysty (Draft)

o Useful to determine
{f requiremunts can
be met snd 1f and
whare {mbrovements
are necestary

0 Uses bottom up

“hardware approach*
per task 10 ?ara-
graph 3.1 of 16294

o Should be done
airly to identify
major problem areass
otherwise not effecs
tive

o Most cost offece
tive mathod for ime
pv'uvtn? nonnlectron=
{c reliabi1fty-must
be approichad on
stranpth ve, stress
bastls

o 781 ant ugf
sppropriste,

o Quatifica
are nandatan
uncover prd
missed by M

methods .

o Perform pis
reltability §
tion testy

RESPONSE
il SYSTEH conponents |
9. Tandem rotor helicop=(Al) components con-
ters stituting system
80, Optics, RCS systems |Fasteners, RCS com-
ponents
L1 Tactical atrcraft, Hydraultcs, turbo-
missiles/)aunch fan engines, 944
vehiclug gunerators
118 Mizgile control Yalves, pumps, struce
systems, rocket tures, motors, bedrs
ongines, fures, ings, actuators, ete,
taunchers, otc.
83, AMrcraft, munitions,

missiles

Landing gear, aire
frame

ahgines
roclui '

mtory

0 788 not used but
dpplicable

0 Rellubility re-
quiremants not estabs
1ahed at this
facility; rvoliabitity
growth models and
mission success
mode)s used for evale
uation of require.
ments

o 217 predictiony
unmnnnor{ "
they only look at
place parts vs, totd!
systam and do not
consider the real
world environment

o RADC Notebook used

.

o Required in the
deve)opment process
to identify warly
corrective actions
and reduce averdl!
failure retus

o 781 not uy

o Growth mod
dated with ¢
results vs,,
tion !

;

b

0

84,

Ltquid rocket propuie
tion (enginas)
mring propuh‘on
{fany and pumps)

Yalves, nozzles, gas
gonontor.. injece
ors, etc,

0 785 used and appli=
cable when tailored
to eliminate those
specific requirements
that ary unique to
tlegtronic equipment

0 Reliabidity spaci-
fiad in tarmy of
1ife/durability re=
quirements; relfabil-
Ity control by growth
monitoring wl{h

{ncent {ves/pensitiey

St apiabiay

0 Can be an effective
tool for supporting
conceptual and de-
tatled design afforts
if the predictions
are based upon "hard"
date from similar
products

o Vary effactive too!
At all devels {f it
{s performad in con-
Junction with the
conceptua) and de.
tailed design effort

[ munr{ design
requirement but not
normatly gnn"cd
effectively - most
detigns are to
spetified marging
with no correlation
to numerical relia-
bility requirements

o Very few {
roqu!r: tessy

|
dus tn cont .
ations [

{ytent
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FAILURE RATE

MALYSIS/TEST/FLELD-
UsE_CORRELATIONS

MISCELLANCOUS

TEST PROGRAM AECELERAT;Q TESTING 1Ty PARTS SELECTJON DISTRIBUTION |
0 78} not appropriatejo Overtorque and o Constant fellure o Poisson table used
i 0 Goals et by analy|oYertemperature tests rate ansumed for accept/reject
. Y 8M1Y=1,00d on 1pecific criterion and risk
; 1is rarce pursuit of |eonoonenty o k factors
brogten in fia1d to[factory used to
meet goals predict reliability !
0 781 not appropriate o For smal) sample o Safety marging
to nonslectronic tizeg - binomial for astablithed through
aquipmnont « Weibull specimen reliabttit probabitgtic
test plans necded requirementssieibul stregs/atrength
for specimen test methods

o Test rasults used
Lo sviluate relty.
hility and confidence
based on tost time
and failures

time requirements

o Fatiure mode (n-
formation {s notorie
outly inadequate

i

ﬁo"uﬁnly
a basis «

Wdity and

s from test

ence

1
3
.

Y

o 7818 used

0 Wear-gutl examined
in endurence tasting

n A central driving
force for parts
standardization {4
needad

o Contant failure
rute assumed

o Poor numerics)
corralations = quali-
tative dspucts of
prediction miy be
more useful

q Error from cone
atint fatlure rate
astumptions signifis
cantly less than
errors caused by
data translation,
wmall aample 41zes,
e,

M
) cort effecs
Wthod for ime
I' nonelectrone
JTabi 11 tyemust
Wroached on 8
Joh vae stresa

o 781 not used, not
sppropriste

o Qualification testy
e mnnda\or* to
uncover problem arvas
missad by analytical
methatly

o Performn production
reliability verifica-
tion taety

o Best method for
measuring system life
edrly {n davelopmant
phase

o Method tor accelers
ated to real time
convarsion is neaded

o Arrhenfus relations
ship used « minimym
Hah; NodD) desired

o Good management
too! for tracking
development program
o AMSAA or similyr
mode) used

o Use published
g0|ion|r| handbook
approved partsy 14st)

o Large design varie
ance betwaan mechane
fcal sauipment »
standardization must
he based on commons
ality

o Mot resuits on
Welbull paper to
check for intreasing
wedr-out type failure
when assuming cons
stant fallure rete

o Math mode) relfe-

bility predictions

& 2% of feld test

::lultl after maturs
Y

o Nonalectronic
squipment failuras
in tie1d can often
be traced to ime
proper stress/
strength anatysis
in design

o 78Y not usud

o Growth model yp.
dated with test
results va, predice
tion

o Needs to be pars
formed on munition
systoms that spend
the majority of their
1fe in tne dormant
state

o Used to determine
the expected impact
of relisbility on
the total system
maturity

o Constant fatlure
rate adsumed

0 Good correlations
if relfabiiity iy
wvaluated under
correct field cone
ditions

Yy applied
fvely - most
are to
ed nar*!nl
corralition
rical relia.
reguiroments

o very fow ftems
require testing to
demonstrate 4 prede-
torminad reliability
due to cost consider-
ations

o Se)dom used since
results cannot be
torralated to equip-
mant raliabilit
1evel at nomine
conditions

o Cumulative failures
ve, cumulative tewt
wxperiance 14 a4 vary
powarful too! for
nnonelectronic equip-
ments

o Monitoring of reli.
aullltx growth rates
13 an *absolute must
do" tu support proe
gram decisions

o Constent failure
rate assumed

0 Very goud analysis/
fleld system leve)
correlation

o Probabilistic
d.l‘?ﬂ mathods
should be encouraged
when weight s @
problem

0 ReliabiVity speci~
fications for large
vi, wmall rockety
should be handled
differently due to
high cost of teating
higher thrust

devicesy

o,

g
“
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON‘.Z

A

Response | MANAGENENT -
£got SYSTEN _COMPONENTS PROGRAN PREDICTION FHEA STRESS awaLYSES |

55, Air ca-p:nsuorl. V:Aval. boarlngs :nd o 785 applicabie o 766 unsatisfactory |o tczfosmtddo:ly 14
pumps, clutrhes othar components for " o|retvived under con- .
lnzinal. contral lable]raterenced systems 3.53"?:'33c33$731"fop ;rzghf:.:fT??f:'u::E teact per 1029 :

{teh propellerc -
P Teve) reliability tics! equipments ¢ Eftactive {n iden=
requ i rementt 7horo rnl!:btl!gi 4 t}: |a1 rqu!n:aa::"
mprovement would be |w gh yrobabiVity
0 Reltability growth | " cost atfactive |of fatlure

monitoring used to
ensure requiremants

are met By
‘.'\
56, Afrcraft subdystems |Nonelectronic air- {0 788 appiicable ¢ Provides assurance |o Used for eart
craft squipment o Retiability pros of lmtlng specified |determination o
grams contain ¢imiler retiabild { ruquire~ |failure modes and [
task eiements to 788 [oents and tracking [evaluation of thaip []
and are tallored to |Vchievemant :l the G’::{:hl}it{ to f:cn- 1
i B w;c::i:‘,‘,::'m, pragram develops 10;.0 timely revise
g B 0 Reliability re- o Internal procodures o
| ??:;::‘?:"::;:“;' correlate closely to
= B system lavel fullure 1629
S I rates with extengive
. 'f“ f’ : ute of math models
T S 87, Generators, alr cone [Switches, relays, 0 788 not used but o 758 not adequate o Performad if o Very cost effec- |0
. i ditioning units, gears, motors, et¢, [considered appiicable{for mustly mechanica) [required by contract [tive at part level o
.'I-‘. |‘ pl’h\{.l‘h [13-8 ° ROHIMH'..V ree systomy per 1829 u
. ' quiremants eytab- o Cost effeutive (f o Cost affective for [
. I Tished in turms of  {accyrate part level [mixsion critical ¥
LY paten lew) f4s lure faflure rates are | failures
o rates and migeian vaitabie
; o Top down (fault
Nt RS Seb S ammtoel! [0 Sobaltylog mumsri- |true) on crit )
) by qualification test ::l.{:g::ga':‘z1ﬁ?p teems only
'_.}' and growth monitaring e ¥ e s

cont imm

£

8. Fuel systems, power [Sensnrs, hydraulics, [o /88 used and 0 756 not. satisfans |o Not effective « use 5
trains, suspensions [outomotive contrels  Japplicabde tory onl{ if required by &

. o RelfabiliLy ree o Intarnally con- “gg_;;g‘ per 1629 and '

| quiremants estab- trollnd test vata

: Yishad in terms of base used for nons

' system favel failure |electronic compunents

: rates and mission

) LIVS{]1) prabahlllt{;
reltahility contro

A _AIPO €O }

. fp;' by growth monitoring
.".‘i.xl!fw‘
y i]\
L‘q : 59, Nayy and Air Force a 785 used and
~{p{" c!rc;af:. hy?r%;?{}. wplianle

N gun-poaty, wini L 1) a R.“.b”“.y ree
Lo ;::::rQO‘ water quirements estab~
T | Vishad in terms of
oo B system level failure
PRI B ratos and migsion
Sy succens probabilfty
i \ [l

]

U Many requirements
have relisbility dem-
N onstration raguire-
- ¥ ments and limited MIW

60, Fiight instrumania, 1o Tasks tailored for |o 766 not satisfec- |o Farformed unly on 0
1¢n%0rs, gyrod wich Eroqram stmilar [tory safaty relateo pa
S | to 785 o KFactors from payt 999 !prents o
: 0 Rugquirements nstabe [experience usad to |o NOGQ!IAF{ but 3
v )ishad in terms of  |adjust Tab testy to |difficult to asgign
N MTBF field rel{ability failure modes and
o / pradicilions distributions to

o GIOEP and tnterna) [P1eCO parts
axperiance used for
failure ratos

. U TR LA S TR AR SO AT

MR, e o e e ot TR TN TR A SN S Ty LR 1




TEST PROGRAM

ACCELERATED TESTIN

o /81 used but not
appropriate

o Test rusults used
to vpdate onputer
program

o Maintainabiifty
dumonstration tusty
give NTTR dats

RELIABILITY GROWTH

PARTS _SELECTION

FAILURE RATE
DISTRIBUTION

ANALYSIS/TEST/FIELD
USE_CORRELAT JONS

0 Used to ansure the
tup level require-

met during develop-
imnt and construcs
tion phase

mants of the ship are

o Constant failure
rate assumed

MISCELLANEOUS
COMMENTS

o FRAP program
predictions have
matchad fleet pers
formance af sampled
equipment

o A handbook 1s
needed which approa-
ches reltabiiity
analysis from a
machanical design
vigwpoint where
strets analysis is
ine luded

o Naw 781 pricedures
n)stded with test
conditions for npn-
eloctronic compo.
nents such as
hydraulic actuators
and contro) valves

o Factors are applied
to Yab tests to

account for the prns
posed use environmant

o Assessment of
achievad relfability
sgatnst good yrowth
curves can warn of
the possibility of
not meeting requires
ments

o A Program Parts
Salaction List {s
davalopad by (nternd)
standards function

o During flight tesh
NTBF's &re caleuintd
and assumad to follw
constunt Failure ra-e

o Component opera«
tional and logistics
relfability predic.
tions are used in
models to determine
system mission and
1ogisticy reliabili.
ty then compared to
relfabl ity require-
ménts/qonls

b Vary cost effocs
Ive at part tevel

o 711 not appropriate

o Test resulls are

used to recalculate
cumulative «nd ine

stantanvous MTHF

o Use eluvatud
Lemperature, tumparus
ture cycling dnd
vibration with uncers
tain effectivenvis

o Customer oppiles
the Dugne model
rcqun*ting & growth
rete (alpha

0 Use & teries of
standard parts
manuals

o Constant failyre
rate assumed

o Good prediction,
tasy, fleld uie
correlations for
Mature systeny

¢ 1n development of
ground ridar systems
nonelestranic parts
represented 10X of
predicted failyre
rate but ROX of
actudl fafture rate
due to lack of res
1{ability attention
to nonelectronic
{tems

o M3l applicable and

o Kot feasible to
adjusit lab tust
resulbts Lo vsth tmate
fleld enltability

o Growth roquirements
specitied and
medsured by Duane
mode |

v Constant fallure
rate astuned

o Good correletion
betwaen tett, pradics
tion and fio‘u 1]
results

used for testing

0 Irevious axperience
ahd opurational
ratios determined
trun 1ab tosting used
to adjust tab to
fieid reliability

o Usud or & Vimileo
basts only

o Constant failure
rata assumed, howe
ever, have tracking
growth models

o "Rylw of thumh"
tn;tin? 3X better
than fleld perform-
ance

o Far smai) sample
sizen, cost effec-
tivaness hased on
fatlure imnact
determines number
of test samples

0 Achievemsnt of re.
11abitity for non«
electronic duvicws
reguires a standard.
fsatson program

o 7R uted and appro-
pridte

o Heltability demons
stration/ovaluation
tests usod to snsure
raquirements are met

o Usafu! and cost
effactive for party
where fatigue 1s of
cancern

o Temparature ctycling
used

o Monitored using
fleld dote

0 Ust company pre-
:orrud standard parts
3}

B T g

AT (i

b gt

s vd

y memra fi;;;u R “Wn:;-‘..,‘vl' -

oI |

o Gonstant fallure
rete assumed

o Uood correlations
when baszed on past
fiald parformance
dats

o Uses series model
for logistics sup-
port, mission relia-
bility block diagram
for mission require-
mente
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIA,..

PUNY (VoS AR H U R S

R Y T T A TR Oy

STRESS ANALYSIS

vest
o Davelog]
roﬂlogn !
ours, b
v!brn&ionf‘
necessarf:

these praf

2
Y

4

o Qualifig
have some .8
ars eitp

»l

o

o i'seful for elecs
tronics and basic
structures {f
apriied anvironments
“re accurately known

o Not very effective
at detailed compos
nent leve! due to
poor environmental

o Qualifichs
ing of 14
tince unden
Tate in dey
cyele

o Sampie &4
developnent 38
based on biie
anginearing

o Effective for unit
and component struce
tural and moving

o Test res
to establig
tive actiong

o Impurtent for com-
ponent /equipmant
desiyn ssturance

o Quatifica

routinely r@d
to monitor §
ty qr?uth g

RESPONSE : MANAGEMENT
CODE SYSTEM COMPONENTS PROGRAN PREDICTION FMEA
(118 Commgrcial transport [Componants of refer- |o Rcauirwmnntalqoala o Extensiveiy used = |o Used as & prelude
sivplane systems =  [enced rystems based on component [woth safety and cost [to system probabilit
Q}Qctron:c and nons MTBF warranties .ff.cti:onll: are ?nﬂl l:: :btgggo:non
electronic dominant ractors Ve
o Probabi )ity studies
of dtspatchi* i o Mostly use internal [B8Fety Peripective
alrplane on time dita bank of commer~ [o Espacially neaded
performed clal airplanes for new technology or
o Qualification sritical (safety or
tests, relfability operational) systems
xrcwth monitoring and
IW used to ensure
requiraments are mat
62, Vanes, flow sensors, |o 78% Ap?ltclbio with|o 756 13 obunlete for|o Very effective be-
phase change some tailoring averything cause machanical
raterials o Nonelectronte 0 217 should devote [PATSS AT subject to
relfability is only [more research to low
a smal) part of totalpopulation/high faii~
reliability effort  [ure rate parts
o Requirements/goals
based on similarity
to known designs
63, Afrcratt/misstle o Reliability ra- o Questionable *yche [0 Most valuable
flight controls and quirements esiabe nica) value except analysis avatlable
mchanical systems, Tished in terms of [for evaluation of o Satety orlented
rail transit vehicle systam level fatlure (relative merits of | V0 s bontomed
systems raius, mission two design proposals 4
success probabdlity
and satety; relia-
bi]it‘ control hy
growth monitoring
and CTW with {ncen date
tives and penattiey
64, Wide range of elec |Components constitutelo 785 not applicable (o 756 unsatisfactory lo Useful for qualita-
tronic/e ?tro- ing referenced system o Reliability re- tive safety analyses
mechanical systems quirements estad- parts
1ished in terms of
system leval failure
rates
o Parts spacifiad by
derating and quatity
part level
65, Military transport 0 785 used, applica« |o Needed for trade/ |0 Single most impor-
aircraft bly cost benefit studies tanﬁ r111:b1:1ty
0 Temperature, presi-|o Based on histori. |IN81Y818 too) « per.
ure vibratloa. cal, AFR 68«1, Navy :?;2:g‘°" most design
humidity usage pro- |3=M and commerciu)
filas ertab)ished airline data o lses SAE ARP-926
for atrcraft-mission
success probabilities
and fatlure rete
requiremants
astablished
66, Hydraulic and elac- |Gyros, torquers, o Talloring axpects Jo Of very Yimited o Safety iy the prime

trical turret and
antenna controls

hydrautic actuators

of 785 make it
applicable to any
program and a1 types
of equipment

o Reliabiiity
requirements astabe-
lished in terms of
fallure rate and
mission success
probsbility

value - sum of fail-
ure rates and reliae
bility modals are
used

concern of any FMEA

o Covlid be useful at
a1} levels depend'ng
on the |bﬁ1it{ to
influence design -
timing becomes criti«
cal factor

0 Worst casa stress
determined for crit-
ica' ftems at part
level - fatigua
models used

o 78] “afted
testing" 14y
priste « ¥
required UG
tractenew
required 4

o Test renul
periudical}
to verify {
original a3
seill hotd
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BNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRON!C DESIGNS

s
(\

FAILURE RATE ANALYS1S/1EST/F 1ELDw MISCELLANEOUS
ESS ANALYS!S TEST PROGRAM AECELERATED TESTING | RE Y _GROWT PARTS SELECTION _ [ __ DISTRIBUTION USE_CORRELATJONS ComeNTs |
;" o Davelop anerational o Ysually in terms ' 0 Relfabivity prob-
o profiles {cysles, of afrplane dispateh 'lem stems from ¢
\ hours, temperature, reliability growth lack of fnluro
: vlbration‘ but do not dats, not method-
v necessarily test to ology
&: these profiles
i
P
e‘\'..
[ ‘)
I ,
% R
E‘-‘ o Qualification testsjo Not used-dubizwse« 0 Recommends . verns N
L have some marit but |auesiion iy always ment ute “a)l equip-
are extremely costly {raited whether ment relfability
failure was accelera- test concapt® - +
ted or damsged bafore costs more “ut oro- N
1ts time by the tyst vides batter results
t‘;
ful for elec- |o Qualification testeo Valuable if it can o Heart of problam is 8.
iles and basic ing of little vatue [be performed on a the wida variety of .
ctures it since undertaken too {representative arti- echanical devicey il
14ed environments| tata in development |cle and anvironments with unique applica=
lecurate\y known| cycie are acturately known :Aons . ngt w"d"d 1
t very effective|o Sample sizes for ¢y can he standard-
detailed compor | development tests {2ed 1nf90|1\“1c
t level due to based on budget and groups/fanilies
P environmental jenginearing judgement R
L}
i
i §
Hocuvo Yor unit|o Test results uced |o Effuctive for com- d
to establish correc- |ponent ond system i
1 and moving tive actions moving parts E
) B
*
,, -i
! ;
: 4
¥ 5
- !
Mportant for com-|o Qualification tests|o Not routinely used [o Growth curves o A standard parts o Exponential distri. o Too many variables ;
nt /equipment rout inely requires because of uncertaine|specified by customer|manual ts maintainad (bution considered axist to expect to !
ign assurance to monitor vellablli-jty of acceleration and propoied to by with approved fast- [satisfactory cover them in one :
i ty 9r9~th factors the contractor eners, switches, handbook i
b relays, lights, "ate. 3
! u
| 1
i ;
: j
i ':
rst case stress lo 781 “after the fact|o Performed only on |o Should not be o 756 satisfactory - |0 Fleld MTEF much 0 Recommends Baysian '
mined for crit-jtatting® {s tnappro- |the most cricita) nesded {f other exponential assump- |lower than predicted |statistica) tech- y
ftems at part (priste - used onty i1f{{tems at lowest level|analyses arc done tion generally has Mqun to reduce b
: - h;igue required under con- |of assembly practical|propervly littie error test t j
pis e ::::;';::" procedures o Baysian statistics ° Movtnq part prob-
! used for small sample Tems usually design
o Teit resylts are sizes or lot workmanship
periodically reviewed created
to varify |f the
original assumptions
still hold




RESPONSE
oot

SYSTEM

COMVONENTS

TR IURV Y vy

L PAT

SUMMARY OF RESPONSE TO QUESTIONNAIRE ON‘

MANAGEMENT
PROGRAM

PREDICTION

FMEA

87,

Envtronntntel cons
trol, fligh? control,
1anding gear, 1trucs

) teres, etc.

Miacellaneous compo-
rents vonstituting
refererced systems

o _Individua) system/
LRU reYiability re-
quiramants based on
oparationu) impact
requiranents for
modifications based
on economic payback

o Usas MSG-2/MSG-3
analysis logic for
retiability analysis

o Uxed in qualitative
way to support MSG
and develop fnitial
maintenance plan

Tanks, tracked
vnhicicc. whaeled
vehiclies

Tracks, tires,
angines, transmisg-~
fons, axles, etc.

o Judictous applica-
tion of 785 13 cost
effective

o Reliability re-
uirenents based on
urability lite for

najor subsystems and

MTBRA

0 756 useless

0 Host\x ineffective
due to Vack of good
techniques and dats

o Very effective at
411 levels if per-
formed by desfgners
with reliability/
maintainability
personnel manitoring
sffort

v 1629 used

69,

Attitude reference
systems, office
copiers, sonobuoy
receiver systens

Gyros, copler com-
ponents such as {lpor
feeders, documen
hand)ers, photorecepe
tors, sorters, ste,

o 785 nnt veed but
applicable

o Relfability
requirements estabe
Yished in terms of
system level faiiure
rate; reliability
control by quatificas
tion test, growth
monitoring and RIW

o Ouans growth
model and Weibull
snatysis used

o Predictions should
be supersaded by the
Yfix effectivenass"
methodolngy ornce hard
data hecomes availa.
ble through TAAF
sfforts

o Effect ive in prior-
{tizing areas with
high effect,uccu; r-
ence impact at system
leve)

0.

wind tunnels, stemm
plants, compressor
stations

Valves, pumps,
filters, fittings,
ate,

o NASA NHB 5300.4
used for relisbility
programs; requiree
ments developed in
terms of yafety and
margin type testing

o Analysus are quali-
tative and used te
evaluate risk or do
tradecff comparisons

o No opinton » not
popular for pne=of=
a=kind, extremc
ehvironment {tams

o Excellent at al
Yevels for all types
of equipment

ol

.

Wide range of tele-
communications equip=
mant

0 Most 785 tasks are
dpplicable tc both
electronic and non
slectronic systems

o Reliability
requirements estab-
1ished in terms of
mission success
probabiVity and fail-
ure rate; qualifica-
tion tests and growth
monitoring used to
aniurg requiremants

o Pradictions only
as good as avuilahle
dath - 217 used

o Effective but high
in cost

Hydraullc sctustors,
flutdic amplifiorsy,
Yogic devices

Flow mycers, tempar-«
ture sansors

o 785 used but con.
sidersd not cost
effective for non.
electronic unity

o Destgn/material
improvament ts edsy
to see without wast-
iny time and money
on youbtful numbers

o by

¥

STRESS anaLysts Lo
o For structures use|
residual strength ;
crack propagation
rate d
o Effective if pars |0
formed probabilisti«{
cally but nut onuugh 1
people know how and |Gl

b it [
o
o Imposey strexses [o
on piece parts com- 1@
pared with calcule- (Al
ted safety marging é.
o
ol
3
o'
fe
t
o Mandatory in -—-‘.o’
almost all casos u
[l
[l
o
()
3]
[
[- 3
[
0.
a.
i
[T
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:TIONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRON!C DESIGNS

\

STRESS ANALYSIS

e LA LA

TEST_PROGRAM

ACCELERATED TESTING

RELTABILITY GROWTH

PARTS SELECTION

FAILURE RATE
DISTRIBUTION

ANALYSIS/TEST/FELD.
USE CORRELATIONS

o For structures use

{residual strength

. Jerack prapagation
rate

0 Ysed for struct.
ures, fati?ue. and
ultimate yield
strength

removal versus hours
are uged and projec~

year

o Rite of unscheduled

ted for next calendar

o Assume constant
fatlure rate distria
bution for complex
units 2/3 of time

MISCELLANEOUS
COMMENTS

o Reliability pre-
dictions seldom
account for in-
sarvice exposuré to
accidental environ-
mant severity

({o Effective if pur-
.{formed probabitisti.
Jeally but not enough
'lpeopie know how and
do it

o Testing procedures
based on durability

conf idunce desired;
truncated tests not
generally used

nol appliiceble to
nonelectronic equip-
ment

Vife requirements and

o 781 seldom used and

o Not used due to
tion of tast results

4) performance

{nwufficlant correle-

to nominal operation~

o Test results used
for Duane plot of
data against growth
projectinn

o Exponentisl dig.ri-
bution assumed for
reViahiiity, gener-
a1y binomial for
durabitity failure
rate

o Kolmegov«Smirnoy
tasts chack validity
of asaumed failure
rates

o Correlations vary
widely dua to test/
field conditions and
human factors

o Major breakthrough
or fresh spprosch
needed to improve
mechanical reliabil-
ity

0 Due to variety in
applitation factors
4 sucer veful data
base and/or relia-
bility prediction
nethod does not
exist

0 Imposed stresses
‘fon piece parts com-
{pared with caleula-

ted safety margins

0 MIL-§TD-781 uscd
and applicable if
tailored to mechani=
cal systems

v Sample sfees hosed
on cust considura-
tiony

0 Runein tests par-
fornud during minus
facturing

o Very good it

system test/analyze
phase to probe for
woeaknesses

v Safety margins for
critical onvironments
are determinad hy
overstress testing

applied early in sub-

o TAAF combined with
reliability pradics
tion is the most
effective means to
control and ‘mprove
nonelectroni¢ equip-
ment

o Critical earts are
subject to lot samp-
ling contro) to
specified LYPD, AOQL
numerics

o Fleld results
demonstrate higher
reliabil{ty than .n-
house test and
analysis results

o A handbook {4
possible to provide
methodology and data
but methods should
be ampirical and
casy to apply

lo Mandatary in
Jatmost all cases

usetf to ensyre reli-
ability requirements
aru et

a Lmp'asis in retia.
bility program is
placed on testing to

extrome enyirotments

o Qualification tusts

assure relfability in

o Use only when other
methods/information
not available

o Reliability pro-
ram centered on
MEA's on critical
subsystems and risk
stsesiment

« ngw procedures
regqulred

o 7281 not appropriate

0 Constant failure
rate assumed

o Poor fleld data
for comparison

0 Mechanical cumpo-

nents of systems are
treated as olectron-
f¢ in application of
186 and 78)

o 781 used

o ltems tosted until
a Vifoscime of flying
hours are accumulated
tn a simylated flight
pro.ile distribution

o Useful, but can be
misteading

o Constant failure
rate assumed

o Experience shows
failure raten are
2410 times higher
than predicted

o Contractors judne
interpretation of
rutes (relevant vs
nonrelevant fail.
ures) Lo navy A
demonstration Lest

o Sample sire (s
dollar Yimited

o

I — SRR
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIA

PREDICTION

lflﬁt‘bﬂ seats,
fiight control
1ystomd

Pun:l. actuators,
turbines, valves

RESPONSE MANAGENENT
[ SYSTEM _CONPONENTS FROGRAN
n. Hydraulics equipment, o Mission reliabilfty

evaluated by comany
developed computer-
116d model or proba-
biVistic techniques
timitar to 7568

o Maintenance/logis-
tics relfabiiity
utilizes NTBF and
MTBMA

R A

PMEA

i 4 T RRT ) IRIRE AR | T

o Used for pretimi-
nary design objec-
tives

o Relatively low
impact on product
reliabitity

o Performed if under
contract per 1629 at
tystom leve)

o Effectiveness
limitad to safsty
sens{tive componants

STRESS ANALYSIS _I

]

b
e
i

TEST M

n,

Be) structure, gro-
pulgion and control
l{'t!ﬂl. 1pace thut
tle structure therma)
protection and ¢on-
tro) tystemsi satel-
11te antennas

Radar rotary joints
and pedestals,
piping, therma)
dissipators

o Reliability
recuirements estabe
1shed in termy of
service life, failure
ratas and mission
success probablliity=~
om?hnlts fn ralias
bility contiol is on
testing to requires
ments

o Insufficient dete-
field service data

s not returned to
design or reliabitity
engineers

o AF 88-1 and Navy
3-M do not provide
detailed data on

nonelectronic {tems

o Current FNEA pro-
tedures do not
dddress fracture
mechanies or continue
vl mechanica) failure
modes

o Because most ele-
ments are standard-
{zed thay are not
stress anslyxed
after being used
with succass

o 78} used .8
in system

analysis

8.

Code matrix reader,
ower distribution
ox, 4{r conditioning

Motors, meters, fans,
cables, fiim tracks,
cameras, switches,
relays

0 RADC Notebook and
217 used

o Acﬂlptlﬂ{
taria per 7,'

76,

Nisgellanesus weapon
1yttens

Controls, dispensers

o Emphasis st this
facility is on the
manufacturing aspecty
of industrial cons
tracty « 7HS not uzed

o 756 uted 48 one of
several tools for
pradiction

o Only performad if
required under con-
tract

0 Accept/rejil
determined by
of failures
number of holg

n.

Nuclvar weapons, tank

ammunition, tank
fluns, |rt1‘lory
thelly

Mechanical timers,
baromutric sensing
devices, pneumatic
logic controls, ete,

o Relfability
requiremanty are
based on user mission
needs and system 1fe
cycle requirements
and specified in
termy of MTBF at
system and componant
lavels

0 Qualificattion tasts

and growth monitoring
uted to assure re-

quirgments are met

78,

Wide range of mili-
tary eluctronic
tystem

0 Used to determing
{f design objectives
can be achieved

o Effective if ine
gguso date 13 avatla-
(]

o Effective al higher
\evels
o Parformed only If

|desmed beneficial to
particulsr contract

o Cffective 4t part
leva) on meta)lic
1tems and plasticy

o Computer analyses
used for mechanicat
strength of place
pavty, €.g., finite
element anaiynil

o Functional
environment sl
profiles devq
for companenti
o Testy desd
detect weard
raraly test §
ure

o 7858 {3 greduaily
hcinv phased into
developmant contracts

o Marginal affective=
ness dus to problems

in transferabitity of
historical data from

tysten to system

o Cost effective for
utrocl1n? further
ralfabitity analysis
and maintenance
planning

o Essential - aspe-
clally for novel
designe or novel
spplications of
oicting designs

o NASTRAN used on
some critical struc-
turs) designg
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AIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

TEST PROGRAM

ACCELERATED TEST[QQJ RELIABILITY GROHTHAJ

PARTS SELECTION

FAILIRE RATE
JISTRIBUTION

0 Incorporated in

system lovel and for
major components

o ‘Use standard parts
proposed programs at |manusl

ANALYSIS/TEST/FELD-
USE_CORRELATIONS

H!SCELLA#!OUS

o 785 good-presents
standard tasks to be
selectively tatlored

st eles

{n system contixt

o 781 needs Weibull
distribyution based

adequate strest/
thermal/fatique
anatysis

0 781 used only with=

testeing coupled with

o Not performed for
nonelectronice

0 Only by federa)
part :umgcr

o Constant failure
rate assumed

o 785 sketchy tince
it doas not include
analytical and
experimantal backe
ground in mechanical
reliabilfty

o RADC NPRD used
extensively

-y

o Accept/raject cris
teria per 781

o Perforn increased
tenperature And
vibration tests

o Use TCI PPSL.5G

o Constant failure
rate atsumed =
machanical componens
are Aot a major part
of systems

o Field performance
of & complex system
t|that meats 80X of
raliability predics
tion or t||t1ng 11}
considered goo

o When only smal)
sample stxes avail-
able use fixed
\nnzth test plans;
tes 1n2 appraximate-
1¥ 3X the minimum
MTEBF

o Accept/reject
dutermined by number
of failures per
number of hours

o Constant fatlure
rate assumed

actual performance

o Test MTBF c¢lose to
fileld MYBF

o Reliabi ity predic=|o A warranty provis-
tions are better than|ion would be best in

788

o Add 781 test to
increate ¢ycling and
temperature extremes
for springs, valves
and 1inkages

ot part

0 Functional and

profiles developed
for components

0 Tests designed to
detect wearout -
ruraly test to fail.
ure

environmgntal misgion

o Effective only for

metal strength test-
ing and the |fke

corrosion, overdtress|able gruwth curve,

o Predict a reasone

then track it based
on test data

o Due to sparse data
{n meager or non-
exl:tin? dsta banks,
predictions are ule=~
lass - tests are
reality

o Gocd correlations
obtained between test
resulty and field
performance

a System leve) fault
traa analysis useful
for preliminary
{nformation

o Effective for new
designs, especially
at camponent ‘wve!
and garly in the Vife
cycle

0 Usefu) management
technique for complex
; stems-emphasize

o Constant failure
rate assumed

e e e e
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIA

.

B

TESY #

o 78! usel
applinsb i
fin'ro

o

3
A
'

0 780 usedy
ble, and W
fit ind{vif
womle s

from econd
erations .

o Equipmant
a demonstNgl
or manuf a8
folls v
portion of]
already py

-

0 781 not .

0 Test prol
designed ¢
expected ¢
environmeny

0 78) usedy
appropri SN
procedures
uulud ingl
yoamic stg
complex o}

\

o 781 appd]
required 1|8
for compl

RESPONSE NANAGENENT
COOE SYSTEM _COMPONENTS PROGRAM PREDICTIO FNEA STRESS ANALYSIS
Rudar systoms Synchros, motors 0 765 used and o Performed in ac-
. 4 4 ! applicable cordance with 1629
80, Mmunition production|Piece parts for 0 785 used, and o 756 satisfactory o Performad if con= |o Effective only for
: Vinas, conveyors, aivireferenced systems |applicable - the o Uses computer fidence in a design |critica) application
Jogic controllers, intent, purpose, sinulation of pro. |Needs to be improved o o0 wecnanicat
“MMCI. puackaging :::hnlqt.mhotc. duction 1ines strangth type
nes nerally app-
11cabla across tgc o Data from previous nalysts
board t:ch used to dn:or-
mine spares raquirn-
3.:3313:1.‘.::’";“- mants and togistic
lished in terms of  |suppOrt costs
system/component MTRF
81, Ground support Regulators, valves, |0 780 mot used; uses {o 706 satisfactory 1o Performed per KSC-
equipment for space |transducers, motors, |OP 863 or JSC Sw-E« |execpt for diff{culty|STD«118(D)
thuttle ote, 0002 with opanﬂgnn o Cost effective for
enyironmental factors | agnt itying critical
o Cost effective for [components or failure
N determining if goals [pnints
. are attainable
82, Navy sonar, fire Components unique o 765 used and 0 756 satisfactory [o Parformed per 1629 |o Static and dynamic
control, wAapons, to 1isted syitems applicable {if tails |but of Vimited value analyses tncluding
launcner systems ored to address load, o NAVSEA MTIGER" NASTRAN used
b onv:romnt. ﬂrn: program used for
R analysis and derating simulators and
'S o Meliabtlity assessment
requirements eqtab-
1ished in terms of
fallure rates, specie
fied Hfo/cyc‘u and
avatlabitity
' 8, Yehicles, landing 0 785 adopted to o Maximum henaf it
craft programs « applicable for complox systems
with tailoring
o Reliability
requirementy estab-
3 Tishad in termy of
X system level tailure
rete; qualification
and growth monitoring
used to ensure that
requirementi are met
84, Mechanical equipment |Gyros, siip rings, 0 788 not used but. [0 7¥0 not used o Parforms a product [0 Required to is0-
used in space creft |besrings, springs, applicable when tail. o Varformed but design FMEA which late potential
valves ored to specific u ah10 includes a re-  |design problems -

hardware

o Internal documents
similar Lo 785 are
used to ensure sube
contractor compliance

o Requirements based
on mission 1ife and
mission succesy

probability

normally limited data
s aval lbl.}
very cost ef

not
ective

view of processes
and materials

o A matrix form FMEA
is uted « very
effective

very cost effectiye

n 181 not:JN
to space \

o Test pre
developed ']
mission
and incl
taneous §
and enving
profiles

o Emphas {8
on meetd
leve) regy
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ONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

improvemant

o FAILURE RATE ANALYSIS/TEST/FIELDA MISCELLANEOUS
[ STRESS ANALYSIS TEST PROGRAM ACCELERATED TESTING | RELIABELITY GROWIH PARTS SELECTION DISTRIBUTION USE RELATIONS COMMENTS
© 781 used and o Constant failure
applicable hut needs rate assumed

p Effective only for
ritica) application

B Uses mechanical
Btrongth type
alysis

0 781 used, applica-
hle, and tailured to
fit individual test -
sample sizes derivod
from economic consid~
erations

o Eyuipment must pass
a demonstration tast
or manufatturer for-
feits remaining
portion of funds not
alrpady paid

o Growth projections
are not revised
during development
program unless a
major requirements
change has occurred

o Field performance
carrelates satisfac-
tory with analysis
results

o Expanded effort
for nonelectronic
datas base ts needed

o 781 not used

o Tast protoedures are
designed to duplicate
expacted nperational/
environnental profile

0 Uses GP-864 which
15 & Visting of parts
with past ysage
experience

o A handbook with
application examples
would be helpful in
comdining into one
series of documents
the differant pro-
cedures currently
used

Static and dynamic
Bnalyses tncluding
STRAN usud

i

o 781 used ang
appropriate hut new
procodures are ree
quired ineluding
dynamic stressing in
complex loading

0 Pertormed » effecs
tive where results
are clearly trans.
1atable

o Tailored TAAF for
maturing equipment
used, especiaily
during early deploy-
nant and for high
relfability systems

o Parts sglection
procedures are unique
to edch design cons
tract] parts may be
standard, preferred,
tgoc!ally screened,
etc,

o Distribution ts
defined by data base

o Corrglation
sufficiantly good to
atd 1n lecating
design, quality and
maintenance problams

© Hundbook should
strass trade-off of
darating versus
risks

o Oata base for
repair/human errar
poor

b -
o /81 appropriate,
required in contract
for complex systems

o Not effective -
too difficult to
extrapolate

o Constant failure
rate assumed

Raquired to fso-
Mte patential
Nsion problems -
ry cost effective

o 761 not applicable
to space usape

0 Test procedures are
duvaloped from
migsion requiremantsy
and include simuta
tanvous performance
and #nvironmental
profiies if poxsible

o Emphasie i placed
onh meeting system
tevel renquirement

o Parts selection

13 limited to an
“Anproved Parts
List" containin

only parts whic

are qualified and
have & known fatlure
rite

o Constant fallure
rate normally
asdumed - Weibull
constdered ih some
cased

o Most problems are
not *random" failures
but are Jesign prob-
Tems, 1.0, very poor
correlations

e
i,
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIABILIY

STRESS ANALYSIS

o Parformed on
safety critical
hardware at the part
Yaval with statisti.
cal saphasis {proba-
bIiistic anslysis)

$

TEST PROK

o Testing proc
designed to detell
matal or insulat
degradetion whicH
coutes field Yoy
no statistics f
involved 3

RESPONSE MANAGEMENT
SODE_ SYSTEN —COMPONENTS PROGRAN PREDICTION FHEA
a8, Missile steeriny Gas/hydrautic units (o 708 not used, net [o 766 not used, not [o Selectivaly applied
hydraulic and warm applicabla wplicable to mission critical
a8 subrystens o Design reviews, o Predictions used to :g::z’::“;z,§:"°°'
qualification tegt« |determine spares
ing and acceleratod |requirements; Yocate
testing are the areasing data which repre-
to concentrate re«  [sants loading, duty
1Hability effort cycle, envirorment {8
the chief problem
86. Refrigeration com= |0 Reliabidity o 758 13 an axcellantio Performad during

pregsors, condensers,
evaporators, valves,
switches, etc,

rOgram
{nvoked only ugono
specifically required
by contract

o 78% applicable,
tellored to f1t each
contract

basw=may have to be
tatlored for some
contracty

inftial design 1n
;ccordtnto with MiL«

=154

o Computer proyrams
used for frime
ttructural strass
analysis

o Strets andlysis
results compared
with safety factor
desired - redesign
to reach desired
sifety marging

o 78] nnt used; 'S
foma) reliabil
testing not pe

a7,

A1) alrcraft systims

Al atsociated come
ponents purchased
from subcontractors
and suppliers

o 785 used and
wplicible

o Rellabfiity
requiremants spacie
fied in terms of
MTBUR and mission
fuccess probabil'ty¥
suppliers must supply
free spares unti)
requirements are met

o 756 used and satige
factory

o Uses fiaided pro-
duct data of company
ind compet itor proe
ducts

o Predictiont neces-
sary for trade
studius and system
evaluation

n Performad as part
ot every desiogn
effort in accordance
with {nterna) proceds
ures compatibie with
MP-926 and 1629A

0 Currently the most
cost effective Leche
nique available tor
douign analysis at
a1 lgvels

o 781 not used i

not applicable ey
{proposed} {s 4.
ressonable starty
neads much mare

Mechanica) remote
cuntroly for military
and commercia) sire
craft

Pushepull cadle
assemoliag, rolling
friction contro)
astemb) 1oy, rack and
pinion gear boxes

o 785 applicable

o Reltabttity
ayuiremants specis
fied in term of
system Yevel faliure
rate; gqualification
tests and RiW uied to
enture reguiroments
are met

0 756 not satisface
tory = reliahility
pradictions not
performed

o Patormed only {f
requivred under cone
tract

o Limited number of
detat) parts permitsy
snalyaiy of every
part in gysembly «
very cost effactive

o Operational/e
ronmental profilg
established ?ri-,
testing usually
accordence wit

o Equipment perf|
ance regquirament!
must be mat thrg
out and at comp)s
of yimulated W
testing

;

1

89,

Afrcraft systems

o 785 used and appii.
cable

o Rallability

requ iramants estab-
1ished in terms of
MTBF or MTBMA; res
11ability growth
monitoring used to
anture requiremants
are mat

o 756 not satisfac-
tory

o Predictions are
optimistic and do not
incude workmanship
or design daf iciens
cley

o Stress derating
used to asture fail.
safe derign

o 18\ sppropriay
and used a1 & Qi
to modify tests
particular {tem

o Econonics andl)
scheduling deteg
test samples 3

0 bayesian metl
used to establig
roliability fro
results i

90,

Space and undersns
Vife support aquip-
mant and hydraulic
rockat engines

o 788 yoed and inpli-
cable

o Reliabiltity
requirements estab.
Vished {n terms of
system leva) fallure
rate, safety and
mission suncesy
probabiiity

ments have been met-
change design until
9nal iy met vis

tmyrovenent, ete,

o Predictions used to
determine 1 require-

radundancy, component

o Performad &y part
of every design
effort in accordance
with 1829

o Vital ot both wys-
tem 4nd component
Tevel

o Cost effectivo and
?lntrn\ly & NeCOIs -
ty

o RADC Nohelectronic
ReViabitity Notwbook
espacialty useful

o 781 not ysed

o Qualitication
uied to ensure |
quiremants are:

{
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IRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

TEST_PROGRAM

ACCELERATED TESTING

i
%:L:sts

o
Atica)
t the part
statistis
E;l {proba-
wnalysis)

i
I
s

4

0 Testing procedures
designed to detect
metal or insulation
degradation which
cavies (1818 1osag
no statistics
involvad

o Perform overload,
wextended Vimits and
tavare anvironment
tasts

RELIABILITY GROWTH

PARTS SELECY]ON

FAILURE RATE
DISTRIBUTION

ANALYS1S/TEST/FIELD~

USE CORRELAT IONS

o Sufficient infor-
mation exists but is
too widely scattered
= & handbock would
help

o FMEA, Relfability
Prediction and
Strass Analysis are
cost ineffective -
often dup)ication of
effort exists

NISCELLANEOUS
TS

!

P progrims
rame
1 stress

© 78] not used;
foms! ri\icbilfty
testing not performed

o Design enginaer,
in contact with po-
tentia) vendors
specifies actun‘
party to be used for
major compunants

]

NTBF 2-3 times better
than analysis

Field performance

o Yandor {nformation
{1 the most reliable
source for predic-
tions = when vendors
will cooperate

o Fisld information
from the Armed Ser-
vices needy to be
fed back to subcone
tractor leve) where
it {$ neaded

o 781 not used and
not sppliicable - 7810
(proposed) is 4

ressonable start but
noeds mych more work

o Monitors in-service
performance according
to anticipated ime
provament and take
corractive dction
when progress is not
satisfactory in both
d!:patah reliability

and MYBUR

o Interns) procedures
used by standards
Qroup

o Constant tailure
rate usually assumed

o Primarily nead
fatlure rate infor-
mation

v
4

{3

4

§

o Uperational/envie
ronmental profiles
established prior to
testing usually in
sccorddnce with 810

o Lquipment perform.
ance redguirsmenty
must be met through-
out And at completion
of simulated life
testing

o [nuividual accelers
ated tests are tall-
ored to complete
tests in reasondble
time without produc-
ing detrimental
effocts

o Al materialy to
military or industri-
41 specifications

o Constant failure
rate assuned

o Field reliability
wall beyond predice
tions « spacified
environmants are not

fleld usage

indicativa of actual

o A compilation of
the material typi-
cally uted {n deter-
mining reliabitity
would simpliify the
task in firms not in
a positien to wstab-
Tigh reliabtifty
departments

| derating
assure fail.
tgn

\
J:

c

)

o 781 appropriete
and used as A guide
to modify tests for
particular ttems

o Economics and
schodu]in? determine
test samplos

o Baynsian methods
used to establiyh
reliability from Lest
results

o Company preferred
parts manual

o Constant failure
rate ansumed

o Pradictions are
generally optimistic
= don't fnclude work-
manship or desiyn
defictencies

o Test ragults/fieNd
use correlationy good
{f a1 laboratory
fatlures (relevant
and nonrelavant) sre
counted

festive and
4 necess-

ty Notebook
1y useful

c|uirements are met

© 781 not used

used to ensure re.

o Qualification tnsty

o Accalgration factor
of tycle rate used
which do#s not usual-
1y affect fallure
mechaniam

0 Highly coat effuce
tive {f acceleration

asteb)ished

o Fittings, fastens
wrs, etc, are selec-
ted from rtandard
parts 14t

o Constant failure
rate usually assumed

o Not snough field
experience recorded
1o verify the vary
high retiability
reduirements

LS

et e B 4 e 2 s

S S




e e

SISTEM,

—COMPONENTS

e T B AR

By

R ARRK A T vy

Aiid 1 TR

SUMMARY OF RESPONSE TO QUESTIONAIRE ON ‘

MANAGEMENT
PHOGRAN

PREDICTION

FAEA

S ALYS

g

L RESPONSE
! GO0E

i 9,

¥

o

b

t

.

: 92,

HVAC

Proumatic relays,

& ature trange
mitters, controllers,
switches

0 No experience with
785

o Reliabitity
requiremants esteb-
1ished 1n terms of
system leval failure
rate; qualification
tests performed to
anture requirements
are met

0 756 not used

0 Inshouse data base
used primarily

0 Not parformed »
the unigueness of
siach l{l!lﬂ deston
revents FHEA from
ing effective

\

- et

Armamant systems -
‘.ﬂk‘o art lltry.
mortar

Fuzes, explosive
traing, hydraulic
componants

o 708 used, applic=
able

0 Relfabt)ity
requirements estab-
1ished in tearms of
failure rate; quali-
fication tast and
growth monitoring
used to ensure
requirements are met

0 746 used, - satisfac-
tory

¢ Worth the effort

if done propor\{. but
can ba difficult for
nonelectronic devices

o Published data must
be supported or
modified by valid
data from 4ctual
teats

0 Parformed a3 a part
of avary design
sffort; always worth
the money

i 93,

Afreraft procurement
in genaral

o 785 called out in
all programs

v 785 applicable,
cannot ssparate
electronic and nons
slectronic

o 756 can be mtise
:actory with tailor-
ng

o Pradiction i3 only
43 good a3 the ine
1t1a) data; need more
feedback into GIDEP
to verify reports

‘|effort ) however,

o Specifiad as part
of every devign

requirement t"‘
deleted oAe-third of
the time

9,

Radar antennas,
edestals, pun sys-
ons, miggile
launchers

o 785 used, applic-
ale

o Reldability
requirements estab
14shed in terms of
failure rate; incen«
tives for mating
numerical require-
ments

0 756 used but not
satisfactory

95,

Sonars, missiles,
ships

Winches and hotsts,
transducers, proe
pulsion units

o 785 used, appli-
cable

o RellabiVity ?oals
specified by MTBF;
qualification tests
and growth monitoring
used to ensure
requirementy sre met

o 756 used, applice
able

o Pradictions good
if used in congunc-
tion with stress
analysis

0 217 used and good

o Perfarmed as part
of every dosirn
sffort using 1629
with top down ap-
proach

thermal stress

0 Mechanica) and

inalyses performed

96.

Afrcraft FIREX
tystems

Pneumatic rv?ulntorl.
fire extinguisher
containgrs for atr.
craft, pressure
gauges, pressure
vesseln, pressure
witches, explonive
cartridge

o 785 not used but
considered applicable

o Reliability
requirements speci-
fied 1n terms of oys-
tem level failure
rates; control
through testing to

meet specific numeri.
cal requirements or

1s not actepted

0 756 satisfactory

o Pradictions provide
confidence the design
will meet contractua}
obligation

o Published failure
dats requires inter-
pratation to apply
to specific use and
derating

o Performed 1f
required under con»
tract

0 Helps to fully
understand weaknaises
in the components
before manufacturing
begins

tialy storts at
plece part lovel
{fittings) for
prassure vessals

o Absolutely assen.
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FTIONAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

STRESS ANALYSIS

JEST PROGRAM

o No exparience with
781

o Laboratory relie
ability adjusted to
field 1ife by deturs
mining en acceler-
ation factor bused
on previpus testing
of similar type pro-
ducts and usage en-
vironment

o Accelerated cycle,
stress, and environe
manta) testing pere
formad

o Most cost effective
method when analyzing
nonelectronic designs
whare physical waar
characteristics are
a determining factor
for component Vife

ACCELERATED TESTING

RELIABILITY GROWTH PARTS SELECTION

o Resuits of vendor
component qualifica-
tion testing

FA!#URE RATE

n Constant failure
rate sssumed

ANALYSIS/TEST/F IELD-

MIS( “Us§
9
?fnlndhaol o -
roups of pro-
duzt: in similar
lpglicltionl woutd
help

0 78) used and ap-
profate when wear
does not bucome a
factor

o 781 needs improva-
ty and consideration

of nonconstant fail-
ure rate

sites

ment; more ¢lexibili.

o Bayesiian approaches
used for small sanple

o Redults dre never
conclusive « probab~
1y & watte of
rasources

o Predictions of ule
timate reliability
are made, Based on
planned reliabllity
growth tosts, mile-
stanes dre estibe
Iished, Major tests
Are conducted at
these milestones to
|medsure growth

o Constant failure
rate assumed

o Analysis are
usuall
comparison to field
performance tasting;

often consistent with

fleld results

optimistic n

0 MIL-STD-085 with
help from DISC

o Actud) finld per-
formance 13 1/3 to
172 of the predicted
reta

o Pradiction and teat

results are closely
correlated

o Strong proponent
of CERT toltlng to
sxpected oglrl fona)
environman

6 781 not used, nat
applicable

o Test under worst
operat ional and
anvironngntal cons
dftions

o TAAF testing used

o Company preferred
paris 1ist

¢ Mechanical and
thermal stress
nalyses pevformod

0 781C used but not
appropriate - new
procedures required

o Laboratury test
results divided by
2 to estimate flald
retisbility

o Constant failure
rate atsunad

D Absolutely esson-
tlal; starts at
plece part lovel
(fittings) fur
pressure vessels

o Accelsrated aging
for leakage rate
determination per-
formed

o Helpful {f acceler-
stion iy meaningfyl
in real world, e.q.,
hot and cold excur-
sions of anvironment
for accelerated aging

o Use standard hards
ware - parts and
agseib) fes thal have
had qualification
tests on other pro-
Qrams

o Constant failure
rate sysumed

o Inherent design
retiability iy pre-
se2ved tduring pro-
duction by strupus
Tous attention to
tolerances

[
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SUMMARY OF RESPONSE TO QUESTIONAIRE ON RELI x

Y RESPONSE : MANAGEMEN" .
' [ SYSTEN CONPONENTS PROGAAN __PREDICTION IHEA STACSS ANALYSIS | T
'i ”. Jat engines Jet angine components]o 785 used, applitas o 786 unsatisfactory |o Porf?m ad cost o 78
ble Reltabitity predice effective for gontro) shou 14
i o Reldabilit Do Stronly  liystemt where effects covar- %
! reauirenents astab  {rooued. n BVAITIbI dre not bvleut 10 gistrd
. 113hed in tems of |data beses ¢ mh ‘
safety, system Yeva) iy
' failure votes and 0 Niss
mission success pertor
gnbablm t rellae ongine:
11ty control by profi el
growth monitoring proporg
aceum)
98, Antenns and soler o 785 applicable and Jo 786 unsatisfactory |0 Parformed only {f o 78)

Benin e i |cost wffective 0 1o teractive 1t bawwd Mauired by contract
conditionars, hand  [safaty marging specie ‘,’""‘:‘“’m: "
held power tools fied whan required {11 1® dats or fatigue

Vife data
o Reliebility
requiremants speci-
fied in terms of
MTBF and probabflity
of mission accome
plishment

approp!

99, Satellites Sate)lite subsystemy [o Suspects 785 would 0 Qualify
and assembiies necd some rather for satel

. violent tailoring/ Teve)s

i 8 modification case p

o Reliability
i . requirements spesi=
. fied in term of
T . Mean Mission Duration
. : and MTBF; retdabiifty
) control by 1008
.. ' sample tosting and

ensure ref¥
cation and mitigra~ (fit to nonelactronic, :

tion of single puint [cyctic, Tow usage
failures byamn oqutpn;nt v

o 7088 13 a4 very good
tatlorable document

onsorbit performance
5 incentivey ]
o ) 100, |Antannae, attitude [Components of o 788 program o Poor effectivensisi|o Perforned in o Good effective- lo 78) nef
x| . control subsystems, [referenced systems requiremants used on jstress/strength accordance with nessi define marging| appropei
. ' solar array booms, both electronic and [assumed distributions ARP-928, MILs3TD=184)]0f each part p:
- : propulsion subsystems nonelectronic gear; |15 comon mode) and SANS0~STD 77+2 o Major method used
VI ' most contro) and o Relisbi1ity pradics|Tor spacecraft; depthly “olee
\ analysis tasks courd 12,1818 M“{ : fune.|for nonespace gear
_ . Apply to any sort of |pion of ) varlae h‘\ a‘funct:on of“
; system tions in radius, misgdon criticatity
B :. - '1'\"'\. ete,
e o 217 data used :
) e 1
WH ’
. ,\ 101, |Sotar panels, deploy=]|Honey comb metal, 0 785 used; applice= [o 786 satisfactory [0 Not parformed o 781 not
‘s -'\'.‘f ment mechanisms valves, lines ble and cost effec- appropri &
i M reactfon contro‘ tive when appropri- o MIL-STOL
I\;‘.{ systems, structures stely tallored osed 1n
) {J o Reliability re- ox diage
} b quirements specified space cragg
ey in terms of safety, develop &
A 15 failure rates and anviro
R mission accomptishe files
ST ment probability| 3
. control by acceptancs &
8 m:.\ and cont {nuous \
. 1] A
1A 102, |Space launch Componants of refer- [o MIL-STD-154) used [0 756 used, satisfac-|o Performed A part o 78] used]
R vehicles, missiles  Jenced systems mostly for reliabili«|tory of every dugl g ppropria )
s ty program o Very good for elecs ::::':,',’::“3. Ak o Extensd
A o Re)fability tronic squipmant withitate Se "irory to cation te
Foy requirements speci~ |prescribed quantifis | O raidureet for gram and
L e tied in terms of able oparating envie (18} Yypet of #uip- control u
- tofety and ddentifi- |ronmenty, less bene= 1.,

o R
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.RE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

| TEST IRODRAN A 160

0 781 not used; 10020 0 Accelerated Nissionlo Component improve-
o(Testing for wngine

|
L
3
i
3
)};

should he expanded
cover nonsexponential
distributions and
Acceterated Mission
Testing

o Misgion snalysis

parformed to devalop
engine cyc)ic usage
profile; part Vife s
proportional to cycle
accumulation

AT

hot section parts ts
used to eitablish
durability

0 Effective on dura-
bility Vimited parts

ment ?ro rem impact
on relial 111t¥ i
assetsed and future
raliabiiity growth {s
projected dnd come
pared to field Jdate

__PARTS SERECTION |

FAI#URE RATE

o Constant failure
rate not assumed

o Use H:ibu\\ papery
Q?lk'guant?tzt?vg'
reliability

o Correlations bee
twaen predictions and
test results are poor
due to difterence in
dats base engine and
test engine design,
maintensnce and
enyironment

MALYS 18/ TEST/F 1ELD-
..USE_CORRELATIONS _ |

HI:CELLANSOUS

0 Maintenance inters
vals are chosen for

engines to optimize

cost, engine remoyv.

A% and other param-
aters

o A handbook with
sections by fndustry
or equipmant types
{s posgible

o 781 not ysed, not
appropriate

o Tests dre run t0
fatlure when practi-
¢4l to assure
adequate safety
marging

o Parform incressed
artiticial cooling

duty cycle tasts with[lass item {s vory

0 Not effactive un=
complicatad

o Non parematric,

Poisson, nomal or

b!num!a‘ distribution

::|umod depanding on
"

o Correlation genere
all{ zeod except for
quality problems and
whare enviromment was
not adequataly
conyidered

o A set of manualy

would be necessary
for reliabiiity pro-
rams for nonelece
ronic designs

i

o Qualification tests
for satellites are at
levels abave worst
case predicted

o Higher ¢yelin
rates and !ltvlgld
temparature tests
performed

0 Seldom performed;
not seen &3 germane
or productive for
gna«Ofriekind or very
faw of 4 kind {tems

o Constant failure
rate not astumed;
curve unknawn but
distingtly nonelinedr
both ta qualification
and acceptance test-
ing

o Proliferation of
standards tends to
create confution not
precision

o System/tubsystem
environmants def{inad
by MIL«STD=1540A
moving mechanica
assembliey per
DOD=A-83877A

tivee
marging| appropriate

Ahot used

0 781 not used, nat

0 Use accelerated
cycle rate

0 Questionable
effactiveness - good
if s1mp1g sccelerate
cyclas, bu
accelaration factors
arg not known

t often thy

o Satellite growth i3
difficult to define
and especidlly to
measure due to few
{tems and long lives

o Constant failure -
rate assumed

0 Major source of
problems s with
fntarpretation of
MTGF, MYBMA defini«
tion

o Handdbook useful te
standardize saftey
factor terms and
strasi/strangth
margin analiysis

0 781 not used, not
appropriate

o MILSTD=1540 {ma
osed in a11 black
ox diagrams for
space craft use to
develop operational/
enyironmantal pro.
files

o Not performud;

depth corralation
betwoan Accelersted
and normel testing

there has besn no In-{specified in ground/

0 Growth requiremints

alr/ses user degments
but not in space
teginents

o Constant faiture
rate sstumed

o Analytical results
very conservative
compared to actual
field performance

o DID's effective;
fdentify axactly how
the contractor will
be onitored

0 781 used but not
Appropriate

o Extongive qualifis
cation testing pro-
gram and process
control used to
ensure reliability

o Nonalactronic
equiphent 14 sensi-
tive to actual use
nyironmant {weather,
neglect, poor mainte-
nance) versus design
scanarios which
adversoly effacts
anatysin and fletd
ute corrclations
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SUMMARY OF RESPONSE TO QUESTIONAIRE ON REL

RESPONSE MANAGEMENT
CODE YSTEM COMPONENTS PROGR PREDICTION FMEA STRESS ANALYSIS | .S
103, Propulsion systems Inertial guidance o 785 used and o0 766 used and o Performed as part o Cost effactive; °
componants spplicable satisfactory of every design can locate overs [
¢ Reliabi ity o Important and cost :;;g:::n:!:;;m:;{t :'5";“‘:°gg°::2:3_ o M
requirenants speci- |effoctive at compo- | KR0S 2N SO 1"at'd°u1th Serioner | 998
tied 1n terms of nant Jevel for desion|Tioati to ertanlish | Ted With dEHIGNET g
tystem lave)l failure [alternatives and as critical faflures tosll
rates and misiton comparison to other |y.ut neoin at compos caty
accomp){shment proba-[similar systems rent Tevel and oropes g
bitity 0 217C and GIDEP used|gate through system y
’
104, Explosive ordnance, |[Explotive transfer |o 785 not used and ]o 756 unsatisfauctory |0 Very useful; o 7
emergency escape lines, initiators, not applicable performad 1f required lt'c
systems, energy bolts, cord o Rellabil ity under contract re
transfer systems requiremants spoci- o Lj
fied in terms of toy
mission accomplish- rel
ment probability; -
controlled by quali- 3
fication tests to
meet specific numeri- -
cal requirements 3
105, Turbo machinery, Pumps, valves, gear- |0 785 applicable and |o 759 satisfactory (o Performed as part |o Very cost effec~ {o )i
hydraulic and preu~ Jboxes, gas turbines, |used; requirements o Good for ball park of every design tive when operating | not)
natic systems, struc- rugulators..machan(- tailored depending estimates and for effort for compering |environments are e
tures, mechanical cal Yinkages, actus- jupon criticality, determining the reliabilities of well dufined and quig
drives, flight con- |tors, structural cost, state~of-the- fmprevement required alternate syitem resulity are verified| anvy
trols, fuel systems, |members, resgrvoirs |art with 786 used as over existin ?tcms designs or two compo={by test be §
Tanding and arrestingland accumulators a shopping 11st to mest ral!gb'1|t nants and for are
gear goals ¥ troubleshooting hig
106. Process systems for [Process system compos(o 785 applicable and |o 786 unsatisfactory |o Performed as part |o Stress/strength
nuclear power nents for nuclear used indirectly of avery design ref{ability models 3
stations power stations o Reliability ree effort with 1629 used for critical .
y tatlored to nuctear |items [earthouake
quiraments specified {ndust \ }
in terms of safety, ndustry analysls |
system level failure 4
rates and mission .
accomplishment probas k
bility; controlied by
qualification tests 1
to meet & numerical ]
requirenent or not b
accepted . -
107, Missiles Missile componants o 785 can be cost o 756 unsatisfactory;]o Recommended as part]o vital dur1n?
affoctive with addi- |too sketchy to be of |of every design design phase to LI[®
tional specific any velue, needs effort; parformed in (detact potentiasl
requirements rox:s:?qito g?clrdu sccordance with 1029 pvob}:m |ro;: ?nd :~
reliability blec permit remedia
:.::}l::l;::’,p.c'_ d1agrnmsd|nd ::dun- :h!::'lod::::gtdgzlgn dusign changes 1%
fied 1n terms of sys- g??ﬁ{ ': u::: "‘" tential problem yress 2
tem level failure J tquations and to permit remedi- Ly
rates and mission o Useful for compar- 4! design changes 30
accomplishment proba-|ing alternatives and ::g
bility; controlled bylestablishing spares to
testing to meet nu- |requircments 4
merical requirements
104, Electromechanical Drive motors, slipe (o 705 not used and o 756 satisfactory; |o Performed 1f re o Necessary to o
devices for space/ rings, actuators not applicable; not [nonelectronic section|quired under contract|assure adequate 89
s:tell!te oppllc?- :n effeitive program {should he expanded per 1543 dusign margins usy
tions such ag soter ncuman [
o Good means of v
array drive assem- . o
blies, gimbals, o Relfability re quickly identifying ol

antanna drive mecha-
nisms, etc,

quirements specified
In terms of safety,
system level failure
ratey and mission
accomplishmant probae
bitity; controlled by

tostln? to meet nue
mericsl requirements

components that are
single point failyres
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ESS ANALYS!S

NSt effect ive;
§ locate overs
J8ssed components
R should ba coord«
Red with designer

N AIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

0 Amplitudes and
sequences of environ-
ments are given to
test labs for appli-
cation during test

lation

when only small
sample sizes are
availatie

on accuracy of simu-

o Increased test time
or accelerated envi-
ronment testing used

to monitnr qrowth

o Cost effective if
there are many cople
of the same componen
being produced

$
t

carrelations; 3-4
yaars difference be-
twean design and
operations

o Test and field
corralation not good
due to different
definitions of fail-
ures

FATILURE RATE ANALYSTS/TEST/FIELD- MISCELLANEOUS
TEST PHOGRAM ACCELERATED TESTING | RELIABILITY GROMWTH PARTS SELECTION DISTRIBUTION USE CORRELATIONS COMMERTS
o 781 used, no com= |o May vr mdy not be [o Reliability demon- Jo PPSL bocks used o Constant failure lo No experience with |o Series raliability
ment on application |effective depanding [stration tests used rate assumed analysis to field models used for

fogistics support,
radundant models for
mission

o A handbook similar
to 217 should be
prepared for non-
rlectronte parts

e

Bry cost eftecs
hen operating
Prommaents are
- def Ined and
Tty are verifiod

o 781 not appropri-
ate} new procedures
required

0 Lot acceptance
tests used to confirm
reliability prograss

vceasionally

o Used and effactive

o Selection and syr-
velliance rules
utilized

o Constant failure
rate assumed

o All corrlations
{nadequate

o The antire area of
single funttion
{onetime) systems is
inadequately
addressed

0 781 not used and
not uppropriate; test
tavels arp 0K as
guidelines but actual
environments Should
be known; test plans
are too iungthy for
high MTBF components

prototype testing
phase

to untover inherent
design weakness;
operating nission

s necossary

o Performed in early

0 Very cost effective
in davelopment phase

environment knowledge

o Helpful for projec
t1n? expected relia-
bilit

at future date; must
be accompanied by
AAF

y to be attained

=|o Preferred Parts
Lists utitized

o Correlations not
made; testing {s to
identify and tix
problems

o System level pre-

dictions, tests, and
field results appear
to be close

o Failure reporting
systems with closed
loop corractive
actiun reauired and
continuous produc-
tfon 1ine monitoring
usad to monitor and
ensure reliabiltity

13 /strongth

Rabiiity models

B-for critical
{earthquake

1s)

—— et

[Ra1 during

Rgn phase to
t potentis)
Mo areas ami

e remedial

i
g
’)

b

changes

T N |

Bsary to

!
i

hi

adequate
marning

growth i3 not inclus
ded in programs; ff
fallures occur the
causes are stuidied
and A remedy
attempted

o Planned raltability

o In general, analy-
als and field results
correlate well, but
the hyman factor 1%
n?t always predicta-
ble

o A generd) recog-
nized fatlure data
base of non¢lectron-
i¢ equipment would
be most useful;
gimilar to 1EEE STD
500-1977

o Wecomend 731C and
MIL-5TD-202

0 New procedures
required for wear out
ftums

o Lavironnental Pi
factors and Arvhenius
equations used to
attimate fletd rell-
abllity fron labord-
tory test results

o Used where practi-
cal

o luane plot util=
fzed; straight line
an log=log paper

o Wetbul) distribu=
tion used for compo-
nents suhjuct to
wearout

o Mechanica) relia-
bittty fatlure ratey
are at the ‘eve)
electronic parts
were in 1960 sug-
ests trucking, afr-
?1ne and food pro=
cassing firms must
have info on break-
down and repair
characteristics

o 78) not used;
similar procedures
used for running
sevaral Vife tests to
qualify nonelectronic
parts

o Highar cyclic rate
(RFH? tasts parforme

o Can not always
velidly accelerate
the actusl fatlure
modes of interest in
a reAsonable time

o Not valig for
dlprograny that unly
butld 1 ar 2 of 3
Lype of hardwarp

0 kestrictad use of
many naterials by 2
thorpunh Matertals
List flayiew

L)

- st scus ey AN B gt e =

o Constant failure
rate assumed

o SViprings perform
100 » better than
predicted {ndustrial
fallyre rates

o Recommands award
incentives for reli-
ability and auality,
not Just cost anmd
schedule

o A handbook 1ike
2170 {8 needed for
nonelectronic compo.
nent reliabilfty
predict ions

ol L TR L e
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SUMMARY OF RESPONSE TO QUESTIONAIRE ON RELIA

109.

Tracked military
vehicle systems

Track, road wheals,
roadwhee! ams,
torsion bars, besr-
ings, h.vduuhc
valves, diesel
engines, michanical
controls, transe
missions, gear boxes

o Rellability
requiremants are
specitied in tewms of
system leve) faflure
rates, mission accoms
plishmant and aveila-
bility; control by
testing to meet
numerical require-
mants

tory

o Prediction 1s
compared to the reli-
a4ty allecation
for differences;
should be required

tract per 1529

o Useful to Mont"{
rel{abtifty critica
components and safet
hazards = thig affor
should be required

MANAGENENT

PROGRAA JREDICTION A1 SYAESS AMMYSIS |
o 7858 uted and o 756 not genarally |o Performed if ¢ Performed by
applicable used, not satisfac~ |required under con-

more strefs analys
should be parformed

Dasgign tnﬂmnmh

\

o 701

wproprd

procedury
Rt

"ol

Nissiles, spacecraft

components, atc,

Actuators, propulsion

0788 used and appli-
cable; adjustments
required to models,
testing and other
subedisciplines

o Relisbility re-
:ann are $peci-
{ed in terms of MTUF
and misgion accoms
plishment probabilie
tyi control by test
to :w\ricol requires
nts

o 786 satisfactory,
used for approximste
constant fallure
rates

o Performed as part
of every dm!n
effort per 1629 and
reference SAE pro.
cadures

o Stress versus
m'ong\h anatysis
offective for simp-
ler mechan{sms

o 78) usely
Tavelg

as long of
rate dis
i3 not v
differant
stant ovemy
1{te

m.

AWACS, generators

Switches, relays,
connectors, PCB's,
1LC. ‘ock.i‘| ete,

0 785 not used, not
applicable

o ReYlability
requirements specie
fied in terms of
system leve) fallyre
rates and misgion
accomp) {shment
probability

o 756 unsatisfactory

o Performed according
to customer's wishes

o Sometimes useful}
only cust effective
for wpecitic
troublesome compo-
nents

na.

Electo-mechanical
systema such as spin
systemg, scan actua-
tors, l‘nﬂr drive
ystons, spacecraft
orbital injection
mogules

Pyrotechnically
actuated devices,
1quid propeilant
devices, valves,
regulators

o 785 used

o Reliability
requiremants speci-
fied in tarms of
safety and redundancy
to eliminate single
point fatlure proda«
bility; control by
test to meet numeri.
¢4l requirementy

o Performed a3 part
of every design
effort: Fault Mode
fatlure Traas are
broken down on matrix
sheets which cross.
refarence the prevens
tive measures to be
parformed

0 Not d!ncn{
applicable unless
you consider Frace

equivalent

ture Mechanics as an

0 Extrems 4
ments and
tasting col
axtrapola
to adjust.
results Ny
field re)d

82
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AIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

WS AMMYSIS | TEST PROGRAM | ACCELERATED TESTING | R
'ormed by 0 781 not used, not lo Not performed; not

1.Engineering
rans anatys
)i ba parformed

ey

- s

B

i appropriate; new
s|procadures required

the relationship
between accelerated
testing and novma)
tervice

endugh 13 known about

TY T

0 Planned growth mus
ultimataly meet
requirements Duane
curves are used to
project growth at
system level

t

PARTS SELECTION

FAILURE RATE
1! 110

o Weibull distribue
tion assumed

ANALYSIS/TEST/FIELD-
|__USE_CORRELATIONS |

NS

o Receive practically
no information on
actua) field performe
ance but prediction
correlates wall with
test program experi.
snce

MISCELLANEOUS
NT

o Design function
has practically no
contact with produc-
tion; should be
corrected

BS vertus
EM analysis

fve for simpw

Bhanisng

)
3

S Y

f

Bl

level; appropriate
43 long a8 failure
rate distribution
s not radically
different from con-
stant over useful
Vife

0 78} used at system

o Useful for pareme
aters 1{kn fatigue
and wearout

o Parformed on newer
systums} used only
for monitoring
purposes

0 Uses & rastricted
1ist « not compre«
hensive

o Constant fatlure
rate assumed with
tome axcaptions

o Field performance
usually measured in
different temms than
predicted performance
= where this has been
unscrambled correlas
tion has baen good

¢ Most electronics
based methods can be
used for nonelecs
tronic components
lack of &n adequate
data base hinders
the use of more
1ophigt{cated modals

Fimes useful}
B% effective

e
13ome ¢

v
)

v

onpas

some components

¢ Unly cost effactive
for specific trouble-

0 Use test results
(such as life test)
to develop reliae
bility growth curves

o No formalfized parts
selection procedures;
this {s an area of
particutar weaknass
throughout {industry/
m{l{tary

o Constant failure
rate assumed; no
other alternatives

o A handbook is
badly neuded; the
ROH and other such
tents don't really
cover “nonelece
tronicg

'Ftctl¥.'.

ble un

sider Frace

ghanics as an

m

o Extreme environe.
testing coupled with
to adjust lab test
field reliability

ments and acnelerated
extrapolation iy used

resuits In estimating

o Yests such as
bearings run at
higher sreeds than
that intended in
flight

o Effective if atten
tion 14 paid to

fatlure modes either
{nduted vr precluded
by test acceleration

cable through inher-
ent hardware Jesign

projects

6 Used only as anpl!-

improvemant from past

o Constant failure
rate dssumed in
marging testing

.
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APPENDIX D

GENERIC PRODUCT SUMMARY
OF YES/NO RESPONSES
TO QUESTIONNAIRE ON

RELIABILITY PROGRAMS FOR

NONELECTRONIC DESIGNS
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| o
T‘ ~ Rome Air Development Center

RADC plans and executes research, development, test and
delected acquisition programs in sypport of Command, Control
Communications and Intetligence (C1) activities. Techniocal
and engineering suppont within ateas of Lechnical competence
48 provided to ESPD Program Offices (POs) and other ESD
elements. The principal techmical missdion areas are
communications, electromagnetic guldance and control, sur-
velllance of ghound and aercspace objects, intelligence data
collection and handling, <nformation system techno Y,
donospheric propagation, solid state scdences, microwave

~ physics and electronic reliabitity, maintainability and
compatibiLity.,
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